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ABSTRACT

This final report eummarizes Science Applications International Corporation's perfor-

mance on contract no. N00014-86-C-2341 for the Naval Research Laboratory. Our principle

deliverable, the codes RAM2D1 and PRAM1 have been completed on schedule and run

successfully. Their operation is described in detail in this report as well as their application

to cases of experimental importance. We have also carried out a number of analytical cal-

culations in order to obtain greater insight into the code operation and the experiments and

to make predictions in regimes of possible experimental interest which have not yet been
explored. Some of these calculations were carried out in collaboration with Dr. John Rein-

tjes of the Naval Research Laboratory. These calculations are summarized in this report.

Relevant publications and presentations are also included.
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I. INTRODUCTION

It is with pleasure and some pride that we present this summary of our accomplishments

during this past year. We have completed the development of our principal deliverable, the

code RAM2D1, which solves the basic equations governing transient, stimulated Raman

interactions, accounting for both transient and diffractive effects. Using simple switches we

can run the code in the transient regime where diffractive effects can be ignored or in the

stationary regime where the transient effects can be ignored. Up to eight cases can be run

simultaneously in these two limiting regimes. We have also developed a diagnostic code

PRAM1 which uses DISSPLA routines to plot the results of our computer calculations. It

can generate both ordinary plots and contour plots.

Both RAM2D1 and PRAMI run on the NRL CRAY. They have also been tested on

other CRAYs and should be easily modifiable to run on a variety of different machines.

In addition to developing and testing these codes, we have carried out a number of 0

analytical and computational studies for the purpose of supporting existing experimental

programs at the Naval Research Laboratory and exploring potential new ones. Some of these

projects, but not all, make use of RAM2DI and PRAMI. These studies have been marked

by close cooperation with the experimentalists at the Naval Research Laboratory. We have I
explored transient phenomena in the long-distance limit both analytically and computa-

tionally. We have shown that the pump amplitude oscillates at a frequency proportional

to z1/ 2 and that the integrated intensity is proportional to z-11 2 at long lengths. We have

analytically studied stationary, multiple-beam interactions in a number of different limits. I
In collaboration with Dr. Reintjes of the Naval Research Laboratory, we have studied the

conditions under which side beam replication occurs and have suggested a possible remedy.

We have carried out computational studies of stationary, collinear beam propagation to

determine the variation of the beam focal length due to nonlinear effects. In collaboration



with Dr. M. Duncan and Dr. R. Mahon, we have also carried out transient, computational

studies to make detailed comparisons between theory and experiment. Finally, we have car-

ried out studies of solitons aimed toward determining when they will appear and whether

they are worth studying experimentally.

These studies have laid a firm foundation for work which we will undertake in the

years to come. The codes RAM2D1 and PRAM1 will undergo further development to

enlarge the range of phenomena which can be considered, improve efficiency, and improve

our diagnostic capabilities. Several of the scientific studies we have undertaken, particularly

those concerning side beam replication and focal point evolution, are likely to remain major

concerns in the coming years.

02
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1:1. CODE DEVELOPMENT

A. Basic Philosophy

In this section, we outline the basic philosophy governing our choice of algorithms and

4our choice of the plotting package DISSPLA.

The basic equations which we need to solve are

OEL _ a2 8EL kL
- = -I2-QEs , (2.1.a)'3z 2kt. ks

aEs i a2 ES

8 - k -81,2 -s 2Q EL (2.1.b)

*44 at2s y
a Q+ Q x,;E (2. 1. c)

where kL, ks, r, oc, and ic2 are all physical parameters which are held constant in any

individual computer run. Our boundary conditions are that EL(z, t) and Es(z, t) are fixed

W- for all time at z = 0. We assume also that Q(z, t) = 0 at t = -oo for all z. Mathematically,

Eqs. (2.1.a) and (2.1.b) are propagation equations while Eq. (2.1.c) is a constraint equation.

In solving these equations, our goal is to write a simple code which requires a minimum

of space, runs with good efficiency, is robust, and is easily transportable.

The code RAM2D1 is written in FORTRAN and uses no canned routines except for

the fast Fourier transform. Thus, this code is highly portable. The code PRAMI, being a
.4" ,plotting program, is dependent on the graphics package which is chosen. We use DISSPLA.

While DISSPLA is somewhat difficult to learn, it is extremely powerful, and it exists on

many different installations.

To solve the partial differential equations, we used a semi-spectral approach. For smooth

initial conditions and infinite transverse boundaries, this approach has been shown for a large

number of cases to be superior to finite difference or finite element methods.' The reason

is that this approach is "infinite-order" in the transverse direction. It has the additional

3



advantage that the linear propagation is solved exactly (to within computer roundoff) so

that in the limit of weak nonlinearity, a quite important limit in practice, step sizes in z can

remain relatively large.

Use of the semi-spectral method places a premium on carrying out the fast Fourier

transform efficiently. We have written it so that it vectorizes in different directions in the

fully two-dimensional and stationary limits. Other portions of the code are also written to

vectorize as efficiently as possible.

Another concern is reducing memory requirements. For this reason, we settled on a

mid-step Euler approach, rather than a fourth order Runge-Kutta approach, although the

latter is more accurate.2 We have found nonetheless that in the fully two-dimensional limit,

the code is often too large to run on the CRAY-XMP32 at NRL without modification. We

have thus written a version of the code which allows us to move the data back and forth

from core memory to the disk, keeping only what is needed for a single operation in core.

While this approach solves the space problem, it necessitates a substantial amount costly

I/O. A completely acceptable solution to this problem has not yet been found.

A final issue that requires discussion is robustness. The semi-spectral approach with a

mid-step Euler advancement in z is extremely robust. As long as sufficient spectral band-

width is provided through a sufficient number of node points, the method is never linearly

unstable. The other place this isi', arises is in the solution of the constraint equation. One

must integrate Eq. (2.1.c) in a way which yields an accurate solution, independent of the

ratio of Tn., to T 2, where T m., is the maximum Iti-value of the t-region being kept. In the

region where T2 V Tm. we use straightforward integration. When T2 Tm.,, we use a

Fourier transform approach. The critical point is that each approach does not work well at
the extreme limits of the regime opposite to where it is applied. Hence, both are needed.

We have set the crossover point at T.ITi = 10. At the crossover point, both methods

4U I
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work well.

At present, the diagnostic code PRAMI is set up to provide contour plots in t - y space

of the intensities, phases, and amplitudes of our principal fields, the pump, Stokes, and

material excitation at fixed z-values. It also allows one to choose constant z and constant

t sections for plotting purposes. These section plotting options are especially useful when

plotting results obtained in the stationary and transient limits, as the contour plotting

routines can no longer be used. The code PRAM1 does not plot z-history data; however,

special, modified versions do exist for plotting this sort of data. More details can be found

in the manual to RAM2DI and PRAMI which has been included as Appendix B.

The major concerns in designing this code have been flexibility and esthetics. Thus, the

code has a large range of options, giving the user a large range of choices in how to plot the

contour levels, where to choose the sections, how many to plot, and so on. Esthetic choices

-h have included our insistence that the axis labels should be at "nice" values, the contour

levels should be at "nice" values, and that the contour plots should lend themselves readily

to the future production of movies.

B. Algorithmic Description of RAM2D1

The basic layout of RAM2D1 is shown in Fig. 2.1. In this section, we describe the

" basic algorithms used in each of the subroutines. The program listing is found in Appendix

'.5.' A, and more details on the variables and the program set-up can be found in Appendix B.

The main subroutine ccatains the input routine, routines to translate the input vaxiables

',. into variables used by the program, the basic stepping routine for the mid-step Euler method,
0

and timing routines.

*. The variables NT and NY set the number of nodes in the t and y directions. These

should be set equal to 2 N, where N is some integer, for the FFT routines to run properly.

5
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CFOUR2 .___ System Provided1
FFT Routine I

FIGURE 2. 1. The structure of RAM2DI is shown schematically.
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Since they determine array sizes, they are set in a PARAMETER statement. The code must

be re-compiled whenever they are changed. They also serve as switches. When NT< 8, the

code assumes that the stationary limit is being used with the number of distinct cases set
.5,

by NT; similarly, when NY< 8, the code assumes that the transient limit is being used with

up to 8 distinct cases.

Most other input parameters are read in through a namelist statement. (The only

a @  exceptions are NP and NST which set the maximum number of pump beams and the length

of the timing data vector.) Parameters include: the actual number of pump beams, NPUMP;

parameters which specify the box size, TM and TN; parameters to determine beam offsets,

intensities, and widths, YOFF, TOFF, YOST, TOST, YWIDTH, TWIDTH, TWST, TVST, RINT, RIST;

basic switches used by INIT to set beam type, ICOND, RTYPE, ITYPE; other parameters

governing the beam shape, RAMASM, RALASM, PHL, PHST, TOC, NHYP, RABAMP, RDSLIM; param-

eters governing the beam intersection point, the final z-value, and the z-step, ZINT, ZFINAL,

ZSTEP; a parameter setting the maximum number of z-steps NMAX; physical parameters, RKP,

RKS, TTWO, GAIN; and a parameter governing how often z-data is recorded, ZKEEP.

From here, initialization of the derived quantities is carried out. The parameters RKAPI

and RKAP2 (oc, and Pc2) are determined from GAIN (g). The pump and Stokes amplitudes

are determined from the input power fluxes. Other miscellaneous actions are carried out;

_* in particular the parameters governing the final z-value and the z-values at which data

are recorded are reduced slightly to avoid difficulties with roundoff when making equality

comparisons.

Since the step size is fixed, so is the linear propagator. To save computer time, we

5., calculate the propagator once and for all and store it in CYVEC where it is called as needed.

Two propagators are needed, one f the pump and one for the Stokes. Specifically, referring

II



to Eq. 2.A.1, and defining the Fourier transform, of X(y) C

.k(k) -1 10,yekXy (2.2)

we find that the linear propagator

dEL i 2 Er,=
dz 2kL y (2.3)

aEs i a 2 ES=0
Oz 2k5  ay2

has the solution
EL,(k, z) = kL (k, 0) exp(-1ik2 z/2kL)

(2.4)
Aks(k,z) = Aks(k,O)exp(-ik2x/2ks).

We note as well that the fast Fourier transform produces the k-values,

k MX- Ymin n<IU2 (2.5)

k=2x(n- 1- N),(N/< T
k = maX - itmin N2<n5NY

where Y~i. and y.. are the minimum and maximum values of the it-box size.

We now initialize arrays which are used in the determination of Q. There are three

methods used for determining Q, depending on the regime in which the code is being used.

In method 1, which applies to the stationary limit, we set

Q~ = -ic E;Er, (2.6)

In method 2, which applies when TRAT = Tmx/T2 < 10, we use the integral expression

= ft
*Q(z, t) = -iic 1e-re ert' E;(x,t')EL(Z't') dt' ,(2.7)

The integrand has no t-dependence which allows us to calculate the integral through a

running application of the trapezoidal rule. The vector WQi is initialized to contain exp(rt),

8
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and the vector WQ2 is initialized to contain exp(-rt). Method 3 applies when TRAT>10.

Here, we define the Fourier transform

X f(o) = r dt eiwt X(t) (2.8)
p 0

We then note

E (z,Iw) EL (z, :)
r-w (2.9)

Our approach is thus to multiply E; by EL, take the Fourier transform, multiply by

ix/(r - w) and inverse transform. The vector CWQ contains the Fourier data, and COMVEC

contains the factor -iici/(r - iw). Method 2 does not succeed when TAT becomes very

OL large due to underflow/overflow problems. Method 3 does not succeed when TRAT becomes

very small because (r - iw) - becomes singular.

In the code, we next store our initial data and enter the routine INIT which initializes

the pump and Stokes fields. The ICOND value determines the basic form of the initialization.

When ICOND=I, a sech amplitude profile is taken in both the t and y directions. When

ICOND=2, a sech 2 amplitude profile is taken in the t-direction and a hyper-Gausian profile

in the y-direction. Additional parameters adjust the leading edge of the Stokes pulse so that

it can be sharper than the pump pulse and a chirp, or phase variation, can be added to the

Stokes pulse. When ICOD=3, a transient case is run. The amplitude profiles are governed

by ITYPE and include sech, Lorentzian, square, exponential, Gaussian, and hyper-Gaussian

profiles. The power of the amplitude or exponent is governed by RTYPE. When ICOND=4,

a stationary case is run with a hyper-Gaussian profile. Other parameters allow non-zero

phase and intensity aberrations to be introduced and govern their strength.

The subroutine INIT functions as a separate element and takes up increasing space

as more alternative initializations are added. At present, however, the space allocated is

negligible, and it is not worthwhile to separate INIT from RAM2D1.

9
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We next record the initial fields and, except in the transient. case where Fourier-

transformed data is not used, calculate and record the Fourier data as well.

We now enter the main loop where the mid-step Euler method is applied to the forward

'~~stepping of EL(z, y, t), Es(z, y, t), and Q(z, y, t) from A, to zf1 .l = zn + &z. We assume

that EL, ES, and Q are known at Z = Zn. We recall that the equations for EL and Ets are

Ok'3L ik 2  
. L

+ iz E =-ic: -QEs
= (2.10)

aEs j sk2
-

-I + s s= -in 2 Q*EL

A The routine DERIV calculates the right-hand sides of Eq. (2.10) by first determining the

multiplicands QES and Q*EL and then transforming. The quantities &L and Es are then

* advanced to the midpoint using the formula

EL(Zn+1/2 ) = exp[(-ik3/2kL)(Az/2)]7L(z,,)

Az kL

(2.11)

ts~.+12)= exp [(-ik/2ks)(Az/2)] s(z,,)

4. Az
- T--cjQ(z.,)EL(Zn)

where zn. 1 /2 =Zn + Az/2. We recall that the exponential factors are stored in CYVEC.

The routine DETQ first determines EL(zn+1,2) and Es(zn+1/2) by inverse transforming

EL and ks. It then calculates Q(Z.+ 1/2) using the appropriate method. We now repeat the

procedure, first using DERIV to calculate the right-hand side of Eq. (2.10) at Z =n1/

and then using the formula

EL(zn+1) = exp((-ikc2 /2kL)AZ],kL(Z,)

S- iAuiJC2j-Q(Zn+1/2 )ES(Zft+1/2)I
S (2.12)

V As(Zn+1) =exp [(-ik2 /2ks)Az] ks(z,,)

- jArC2Q*(Zn+1,2)EL(Z-+1uI)

10



to determine EL and E$ at z = zn+1. Using DETQ, we finally obtain EL, Es, and Q at

Z = zn+1 and are ready for the next loop iteration. For transient runs, Fourier transform

data is not calculated.

At the end of each loop iteration, a check is made to determine whether data should

be recorded.

After exiting the main loop, the timing data and the number of data records is recorded.

C. Algorithmic Description of PRAMi

The purpose of PRAMI is to display desired aspects of the data that RAM2D1I generates

and files. Those data are the complex field amplitudes of the pump beams, Stokes beam, the

S material excitation, and their Fourier transform representations (=6 field arrays). Whenever

Fourier transforms are mentioned it is understood to be the transform with regard to the

transverse spatial dimension y. The desired format of display is that of contour plots of the

intensity of these fields versus time coordinate and versus transverse spatial coordinate at

a given point z along the path of propagation. In addition to that, cross-sections (of the

contour plots) of the intensity and sections of the field phase and amplitude at user-defined

z-values can be displayed. In the cue of one-dimensional simulations no contour plots are

available.

Intensity, phase, and real and the imaginary part of the amplitude can all be diplayed.

These three types of plots are desired of the three fields and their Fourier transforms. Hence,

18 different types of sections in addition to the intensity contour plots can be generated.

The user can generate any one or several graphs of the described type by specifying
6

appropriate values for the elements of the flagging vector ISRF and array CSEC in the input

data file NP-.DAT. For this purpose the field arrays are numbered (I through VI) and the

sections (1-18). Which numeral corresponds to which type of graph and their sequence of

.U
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appearance in the output is as follows:

I. contour plot of pump intensity

. 1. sections of pump intensity

2. sections of pump phase

3. sections of pump amplitude (real/imag)

I. contour plot of pump FFT intensity

4. sections of pump FFT intensity

5. sections of pump FFT phase

6. sections of pump FFT amplitude (real/imag)

II. contour plot of Stokes intensity

7. sections of Stokes intensity

8. sections of Stokes phase

9. sections of Stokes amplitude (real/imag)

IV. contour plot of Stokes FFT intensity

10. sections of Stokes FFT intensity

11. sections of Stokes FFT phase

12. sections of Stokes FFT amplitude (real/imag)

V. contour plot of mat. exct. intensity

13. sections of mat. exct. intensity

14. sections of mat. exct. phase

15. sections of mat. exct. amplitude (real/imag)
* VI. contour plot of mat. exct. FFT intensity

16. sections of mat. exct. FFT intensity

17. sections of mat. exct. FFT phase

18. sections of mat. exct. FFT amplitude (real/imag)

12
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VII. contour plot of pump and Stokes intensity

19. sections of sum of pump and Stokes intensity

VIII. contour plot of pump and Stokes FFT intensity

Three more types of plots than the expected 6+18 were added on the bottom of the list.

These are the surfaces VII and VIII and section 19. These graphs plot pump and Stokes

data simultaneously on a common scale. Section 19 draws the sum of the fields weighted by

a certain factor so as to compose a special invariant of the Raman interaction.

The roman numerals tell which element of the vector ISRF is the flag that determines

if that particular contour plot will be generated or skipped.

ISRF(n) = 0 contour plot skipped

ISRF(n) = 1 contour plot drawn with contours labeled

ISRF(n) = -1 contour plot drawn; no labels on contours

The default value is zero which is set in PRAMI.

Each sectional plot is associated with one element of the complex array CSEC. The

position of the element specifies uniquely one cross sectional plot. The arabic numerals in

the list above indicate the row number (first array index) of CSEC with which each described

type of section is associated. The column number (second index) of the elements of CSEC

d numbers the particular cross sectional plot of that type. The parameter NSEC ( < 9) gives

the maximally allowed number of sections of each type for the run.

The plotting of any cross-section is done depending on the values of the real and imag-

inary part of their representative element in CSEC. At the beginning of execution PRAMI

sets them all equal to zero as the default value. The values specified in the input data file

replace these zeros.

In a two-dimensional simulation the value of the imaginary part of each element of the

array CSEC means:

13
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= 0.0: that this sectional plot is not requested

= 1.0: that this sectional plot is requested and that it shall be a cross-section parallel

to the I-axis of the surface under question at a fixed t-value as given in physical

units (psec)by the real part of the current element of CSEC. The first index

of the array(s) SRF(I) in PRAMI is being held constant for this plot at the

value ISEC which is the grid point that corresponds best to the fixed t-value;

= 2.0: that this sectional plot is requested and that it shall be a cross section parallel

to the t-axis of the surface under question at a fixed y-value as given in physical

units (cm or 1/cm)by the real part of the element of CSEC in question. The

second index of the array(s) SRF(I) in PRAMI is being held constant for this

plot at the value ISEC which is the grid point that corresponds best to the

fixed y-value.

In short: the imaginary part tells which variable to hold constant, and the real part "

tells at what value (in physical units).

In a one-dimensional simulations the location of the array elements within CSEC has

the same correspondence with cross-sectional plots as in two-dimensional simulations. The

exact values of the imaginary parts of CSEC no longer matter except that they must be

larger than 0.001 for the corresponding sections to be generated. In the diagnosis of a run

by RAM2D1 where only one one-dimensional case was simulated the exact value of the real

parts of CSEC also do not matter; however, they must be larger than 0.5 and less than 8.5 for
the plot to be generated. When several cases have been simulated in one run simultaneously

the value of the real part (1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, or 8.0) of each element of array

CSEC identifies which of these cases is meant to be diagnosed.

The program has the structure shown in Fig. 2.2. The program starts by setting

default values for the graphics output parameters as specified in the data statements. These

14
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defauit values are updated by reading customized values from the namelist file NPRAMI

The updated parameter set is then written, depending on the value of the 4 elements of the

vector LPRMT(n), onto the first 4 graphics frames in the output META-file call PLT2.DAT.

The value of the n-th element of LPRIT should be equal to 1 if the n-th page of parameters

is to be plotted, and equal to 0 if not. The content of the four parameter graphics frames

is shown in the examples of the appendices.

The program continues by calculating several constants. Among these constants are

the end values and interval sizes for the plotting of the frequently used y- and t-coordinate

axes. Then the large DO-loop 500 is entered. It reads the data for each requested plot and

converts it into a device-independent graphics frame that is stored in the META-file. Once

all data are scanned with respect to the requested graphs the generated graphics frames in

*' the META-file are transfered to the VAX storage disk under the name PLT2.DAT.

In detail, the ensuing main part of this program acquires the electric field data from the

input data file F- by reading sequentially the i-th record specified by the value i of

the consecutive elements of the vector KZ. These complex amplitude data are converted into

- real intensity data (array SRF), or are split into their real (array SRF) and imaginary (array

SRFI) parts for plotting of the phase and/or amplitudes. Following their accquisition, the

real arrays, SRF and SRFI, are handed, like other necessary parameters, through FORTRAN

COMMON BLOCKS to the subroutine CNTR (for contour plotting) and to the subroutine

CRSSCT (for cross sectional plots).

The subroutine CNTR is then called depending on the value of the relevant element of

ISRE. Interleaved in these calls are the calls to the subroutine CRSSCT, depending on the

sum of values of all elements of the line of CSEC in question. If this sum is non-zero CRSSCT

is called to generate the requested graphs, if this sum is zero the DO-loop proceeds. Following

the end of DO-loop 500 the program just closes the META-file and then stops execution.

13
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F -------- NPRAMI
iptdata dataset input parameter dataset

* PRAMI
* __________ .(this program)

MAIN part ......... .

* -.-. CNTR CR.SSWT

4,.XI

* POWBAS

MYCON

META
............... -........ ... graphics output dataset ......................

FIGURE 2.2. The structure of PRAMI is shown schematically.
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The contouring subroutine CNTR makes use of the subroutine MYCON which gen-

erates a customized dotted line for the half-height contour. The cross section subroutine

CRSSCT calls repeatedly on the subroutine NYSXIS which finds "nice" values for coor-

dinate axis limits and intervals. NYSXIS in turn uses subroutine POWBAS to find the

next lower integral power of 10 for maximas and minimas. Both subroutines CNTR and

CRSSCT share subroutine XISFFT when making secondary axes for FFT-plots.

The subroutine CNTR contains the calls to the special routines of the DISSPLA graph-

ics library that create the graphics data for each contour plot. Several features of those plots

are customized with respect to the standard that DISSPLA provides. For example, the

software that generates axis tick marks has been amended by the non-DISSPLA subroutine

NYSXIS. The subroutine NYSXIS computes "nice" tick marks along the coordinate axes.

The subroutine XISFFT computes the location, extrema and intervals of the transformed

variable axis in FFT-plots. The subroutine changes the field data in order to plot the logs-

rithmic intensity as desired. Therefore, the intensity data in SRF (SRFI) have to be restored

in the main part of the program before the intensity cross sections can be generated.

The call to subroutine CNTR contains the parameter KSRF which identifies the type

of graph. Depending on its values, various titles, coordinate axes, and labels are selected

and drawn. The sign of KSRF toggles the labeling option of the main contour lines (positive

KSRF labels, negative KSRF no labels). The main contour lines are solid lines representing

integral powers of 10. A number NDEC such lines will be drawn below the peak of the surface

maximum. A number ILK ( < 8) other contour lines (dashed lines) are drawn between the

main contour lines corresponding to the integral multiples of the next lower integral power of

ten. Which integral multiples are to be drawn is determined by the first IL elements of the

vector LEVEL. If the input parameter ISH4 = 1 a dotted contour will mark the half-height

level, if 151W - 0 this line will not be drawn, if IS14 -1 the half-height contour and a
4
*
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dot at the surface maximum will be drawn.

The subroutine CRSSCT contains the calls to the special routines of the DISSPLA

graphics library that create the graphics data for each cross sectional plot from the modified

field data in the array(s) SRF (SRFI). Just as in the case of CNTR, several features of those

plots are customized with respect to the standard that DISSPLA provides.

The three categories of cross sectional plots are: intensity plots (following statement

label 300), phase plots, and amplitude plots (both following statement label 400). When

intensity cross sections are called for, this subroutine executes DO-loop 390 that does all

crow sections specified in row 14SRF of array CSEC and thereafter returns control to the main

program. When phase or amplitude cross sections are called for, this subroutine executes DO-

loop 490 which generates all phase sections specified in row M141 of array CSEC. Immediately

afterwards, since phase plots and amplitude plots are derived from the same data in the

arrays SRF and SRFI, DO-loop 590 is executed which generates all amplitude cross sections

that are specified in row M4RF+1 of array CSEC. After these actions, control is returned to

the main program.

-J"

Each type of cross sections is prepared in a similar fashion. In the case of one-

dimensional data (NT or NY less than or equal to 8), only one argument of the array(s)

SRF (and SRFI) is an independent variable the other argument serves as a label to allow dis-

tinction between up to eight one-dimensional datasets. Which one of these eight datasets is -

to be graphed is determined by the value of the real part of the element of CSEC under consid-

% eration. When NT and NY are larger than 8, then SRF and SRFI contain one two-dimensional

*' function, a surface. Which of the two futictional arguments is to be held constant for each

crow sectional plots is determined by the imaginary part of its corresponding element of

CSEC. Therefore, in 2-d cases the imaginary part of the current element of CSEC is tested. If

it is 2.0 a horizontal cross section (second variable of array(s) SRI (SRll) fixed) follows; if it

Li is
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is 1.0 a vertical cross section (first variable of array(s) SRF (SRFI) fixed) follows; otherwise

the next element in the current row of CSEC will be considered in the same way. A selected

plot starts by writing its headline and axis labels onto a new graphics frame. Then the

- data of the sectional curve are computed, the coordinate system is sized accordingly and

then drawn. Finally the cross sectional curve is itself drawn. If the plot displays FFT-data

the drawing of the FFT-axis that would be drawn as part of the coordinate system (CALL

GRAF) will be suppressed in order to avoid the tick mark labels which generally exhibit

"messy looking" numbers. This axis of the coordinate system is suppressed. Instead of

it a "secondary" (DISSPLA nomenclature) axis will be drawn immediately after the cross

sectional curve is drawn. This secondary axis exhibits tick marks with "nice" values as

determined by the subroutine NYSXIS.

The cross sectional curves are the functional values of the field data arrays at the grid

point ISEC that is the closest to the locations specified by the real part of the current element

of CSEC. While the data of the intensity and amplitude can readily be ploted as they are

available in the array(s) SRF (SRFI), the data for the phase sections have to be calculated

first by this subroutine.

The plotted phase data are calculated as follows: The field magnitude at the fixed grid

point ISEC is computed. If its maximum is less than 10s0 the field information is deemed
V.

unreliable and no phase curve will be drawn. Furthermore all locations where the magnitude

is less than the maximum magnitude divided by 108 are deemed unreliable and no phase
'o"

curve points are shown. The arctangent of the ratio of the imaginary to real field amplitudes

provides the raw phase data. It is assumed that the numerical resolution of RAM2D1 is

sufficient to provide raw phase data that do not vary by more than ±i" from grid point to

grid point. The first raw data point is placed within -i of zero phase. All consecutive raw

data points are tested if they were reached by a phase change that implies a crossing of

w 19
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the negative real axis of the amplitude vector in which case 2x will be added or subtracted

to all following phase points depending on an implied phase wind-up or wind-down. By

this method phase variations crossing multiple 2i-intervals can be followed. In case of

intermittent unreliable data points the next reliable phase is placed within the 2x-interval

of the previous reliable phase point.

The subroutine NYSXIS finds "nice" end values and interval step sizes (used for cus-

tomized axis labeling) outside of the range that is specified by a choice of two from the

following four values in the subroutine arguments: the maximum value in the vector VEC,

- the minimum value in VEC, VECBOT, and VECTOP. The decision which quantities constitute

the reference interval depends on the value of the argument NECLEC.

If NECLEC = -1: VECBOT and VECTOP are chosen and the vector VEC is neglected.

= 0: then the maximum and minimum of all four are chosen

= 1: then the extrema of VEC are chosen and VECBOT and VECTOP are neglected.

It is also possible to "hard-wire" the lower (upper) end-value to the cur-

rent value of VECBOT (VECTOP) by setting the argument VECGAP to -1.0

(1.0) as input. If VECGAP = 2.0 on input both end values are "hard-wired."

The subroutine NYSXIS finds the extrema of the input data. £hen it determines the

largest integral power of ten (ITRPOW) that is still smaller than the larger of the absolute

*- values of the extrema. Based on ITRPOW the leading two decimal places of the extrema are

0 compared with each other. The possible difference is placed into one of seven interval classes

with the following interval sizes: 0.005, 0.05, 0.1, 0.2, 0.5, 1.0, 2.0 times IXTPOW. The end

values that will be returned are chosen to be one interval beyond the integer that is closest

to the original extrema. If the hard-wiring option was chosen the hard-wired end value is

re- instated before the interval and end values are returned to the calling routine.

* 20
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m. SCIENTIFIC STUDES

MIf.A. Transient Raman Interactions

The study of transient Raman effects has been an important focus of scientific activity

4;-" since the original papers of Wang3 and of Carmen, et a1.4 Recent experiments at the Naval

Research Laboratory' have reinvigorated basic research in this area and opened up new

questions relating to the evolution of pulses in this regime. The basic equations are

4 ~aEL _ r __ kL=r ~-s- 2QEs

=-iC2 Q EL (3.1)

aq
+ 1'Q =-iclEEL,I

where Er and ES are the pump and Stokes fields, z and t are axial distance along the

Ranan interaction cell and time with z-dependent origin, krL and ks are the pump and

* Stokes wavenumbers, and x1 and xc2 are Raman coefficients.

We have carried out analytical and numerical calculations, both to gain insight into

behavior that has been observed experimentally at NRL and to predict the behavior that

would be observed in regimes not yet accessed by the experiments. Virtually all the analyti-

cal work is summarized in the preprint "Asymptotic evolution of transient pulses undergoing

stimulated Raman scattering," which i- included in Appendix C of this report and will not

-g be repeated in detail here. Basically, we have shown that if the amplitude of the initial
I

Stokes is small compared to the amplitude of the initial pump, then the pulse evolution

passes through two main regimes. Initially, the Stokes grows exponentially while the pump

is essentially undepleted. During this growth, the phase of the Stokes pulse locks onto the

pump phase. This regime was studied by Carmen, et a/.4 using simple linear theory. We

call it the I-regime. This regime is followed by a transition regime in which pump depletion

becomes significant. Finally, there is the J-regime in which the Stokes intensity remain

21



p almost constant while the pump slowly depletes.

We now turn to our computational studies, considering first the J-regime. In Figs. 3.1-

3.2, we show the variation of

R= [f 00 dtIEL12(o)/ f dtIEL2(C)j 2

vs. f = z/2Z f-o. K(t) dt, where

kL
K(t) - ELI (ct) + LI Es12(Ct) (3.2)

The theory indicates that R should vary linearly with r at sufficiently large . This trend is

observed in Fig. 3.1. Moreover, linear behavior is observed when R Z 10 which corresponds
0

to approximately 70% depletion of the pump. In Fig. 3.2, we show on a parabolic scale

vs. f the number of zero-crossings N of the pump amplitude. Theory indicates that N2

should be proportional to I. This result is confirmed in Fig. 3.2. We note that in all cases

the expected asymptotic behavior is observed for f Z" 120, and the original Stokes has an

intensity 0.001 that of the pump.

In Fig. (3.3) and (3.4), we show the effect of varying the Stokes offset for pulses with

an initial sech2 amplitude and a FWHM of 40 p. At negative offsets there is a tendency
WA.

WA for depletion to be delayed while the number of zero-crossings increases linearly beyond a

relatively short distance. When toe = -40 pa, the pump must be 90% depleted before linear

variation of R is observed. At toff = -20 p., one finds that R begins to scale linearly when

the pump is 85% depleted. At toE 0 pa, this requirement reduces to 70% depletion. In

4> ,all cases, linear behavior is observed to set in when = 100-200, with the highest vlaues

occuring at the most negative offsets. Conversely, when toff > 0, there is a tendency for

the oscillations of the pump amplitude to be delayed. If we add the effect of chirp onto

the pump pulses, there is little effect until the chirp becomes quite sizable. With a phase

2
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FIGURE 3. 1. Plots of R vs. C for different pulse shapes. a) sech-squared amplitude,

FWHM = 40 ps; b) Lorentzian-squared amplitude, FWHM = 39 ps; c) Square pulse,

. FWHM = 43.8 ps.
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FIGURE 3.2. Plots of N vs. ~,N is plotted on a parabolic scale. Shapes and

parameters are the same as in Fig. 3.1.
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FIGURE 3.3. Effect of Stokes offset on the scaling of R with . In all caes the

pulses have a sech 2 amplitude profile and a FWHM of 40 ps. a) toe = -20 ps; b)

toff = 0 ps; c) toff = 20 ps.
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FIGURE 3.4 Effect of Stokes offset on the scaling of N with ~.Parameters are

the same as in Figure 3.3.
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variation of 9.5', we find an increase by under 50 in the i-values at which linear behavior

of R sets in. Otherwise, the qualitative behavior remains the same.

Turning now to consideration of the I-regime, we consider the effect of the Stokes pulse

offset on its gain over a fixed distance (40 cm) and its ability to phase lock to the pump.

For a symmetric pulse with an initial sech' amplitude, a 40 ps FWHM, an initial maximum

pump intensity of 1.0 Gwatts/cm 2, and an initial Stokes intensity 0.001 the pump intensity,

we list the dependence of gain and locking on offset in Table 11.1. The chirp referred to is

approximately i, which is the experimental magnitude. In Fig. 3.5, we show the phases at
) z = 40 cm for three values of tof. Phase locking is complete at tff = -20 ps and tog = 0

cm but is incomplete at t0o = 0 cm.

Finally, we have carried out numerical calculations aimed at understanding the rapid

phase flip which is observed experimentally to travel from the back to the front of the pulse

in the I-regime. We generally observe from our numerical studies that a fast phase flip can

be obtained at a particular gain for a fixed chirp. As we raise the gain, this fast phase

flip disappears and phase locking occurs in contrast to the experimental observations. It

appears at this point that we will have to take into account diffractive effects in order to

have any hope of explaining the experimental observations, and we will carry out those

studies shortly.

rrM.B. Beam Interactions in the Stationary Limit
In this section we outline a number of analytical calculations which we have made in

the stationary limit to clarify the effect of aberrations and a finite interaction length on

the interaction of pump beams with a Stokes beam in both collinear and crossing beam
• geometries.

In studying a multiple beam geometry, we may assume that the pump beam has the
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TABLE M.1

Variation of Gain and Locking With Offset

No Chirp Chirp

Offset Gain Gain Locking

*-100 1.0 1.0 locked

-75 2.5 1.25 locked

-50 15 5.8 locked

-25 42 15 locked

0 43 23 locked

25 17 11 partially locked

50 2.7 1.4 none

75 1.1 1n1neone

S2

0
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FIGURE 3.5. Phase-locking of a pulse with sech2 amplitude is shown at three

* different offsets. a) tff = -20 ps; b) tff = 0 ps; c) tff = 20 pa.
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form

N

EL E f,, [y + (nyo/zo)z - ,o,,z] exp {skL(nyo/zo)[y + 1(nyo/zo)z] , (3.3)Sn=N2

where the f., give the shapes of the individual beams. The first argument gives the rapid

transverse variation. The second argument gives the slow z-variation due to diffraction.

The quantity yo gives the intrinsic separation between the beams when z = 0 while zo is

the z-value at which all the beams converge. Noting that

Xk(k) = 0 X(y) exp(-iky) dy (3.4)

we find

* EL(k) = Z 1k = kL(nyo/zo), z]
' hn=-N (3.5)

exp i[k + kL(nyo/zo)] [(nyo/2z.)z - ni.] }
In the Fourier domain, EL consists of a set of offset peaks. In all experiments, the width

of these peaks (AK)b..m can be assumed small compared to the fundamental separation

between the peaks (AK) 0p = yo/zo. When the beams are well-separated in the coordinate

domain, they have rapid amplitude modulations in the Fourier domain; when the beams are

nearly overlapping, these amplitude modulations are slow.

We note that the condition (AK)b,,m < (AK).,p results in the nonlinear terms com-

bining like convolutions. The basic equations reduce in the stationary limit to

aEL i a2EL g kL
az 2kL ay2 2 ks (3.6)

.: aE s i -E s = g IE L I2 S

8z 2ks ay2 2 E0

4P We now find, letting y,. = y + (nyo/zo)z - nyo, z. = z, and

Es gn(:',z,)exp{,iks(nyo/zo)[y+ (no/zo)z] } (3.7)
n=-N

03'. "e ft --- 3-
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that

N N N
',n E fkC ,.,.,)f1*(Y,.,".)g,,,(Y,.,,..)

az. k- N =-N ,.=-N (3.8)

* exp{-skL [(k Z i2] - __2_ t)]I \ z0 I \zo \ZYo LZO Z - zk Yo 2o Z

where we impose the condition k - 1 + m - n = 0. Terms which do not satisfy this condition

Sare too rapidly varying in y to be consistent with the condition (AK).p< (A K)beam.

In general, the exponential factor in Eq. (3.8) is also rapidly varying. Exceptions are

5' when k2 = 12 and m2 = n 2, in which case this factor disappears. It turns out that only these

cases make non-zero contributions to dg,/dz,,. This issue is discussed in great detail in the

paper "Pump replication in stimulated Raman scattering using a crowed-beam geometry"

which we presented at the 1988 SPIE meeting in Los Angeles in session 874. This paper is

included in Appendix C, and we do not present the details here. This paper has a discussion

-." of the effect of pump aberrations on side beam replication which we also do not repeat.

At this point we discuss the effect of geometry on Stokes beam amplification in the

low Fresnel number regime where diffraction can be ignored. We consider as a simple

example two crossing beams with Gaussian profiles interacting with a single Stokes. Thus,

k = -1 = ±1 and m = n = 0 in Eq. (3.8). Writing

-f- (2x '/ 2 w exp {[Y_ (yo/Zo)Z + Yo] /2w}

.5,i d_ - exp [,(yo/zo)z-yo] /2 (3.10)

(3.9-- ' ( exp -[Y- (Y0/Z0) Z+ y0] /W
. . a~z 2xrw- \"31

ep°° -0°

+ ex Y+'OZ) o / 1g

~~31



Integrating Eq. (3.10), we find

VS go(Y, z) = go(Y0)exp zogE erf OZ + -

18,Vro W 2 zaw W
V-. (3.11)

+ erf (oZ -o) erf Y -_o) + erf (Y. +o
z0 W W W WJ

The maximum gain which is achieved in the limit yo > to and z Z' 2z 0 is

go(y,z) = go(y,0)exp g zoEJ) (3.12)( 2,,X o W 2

The gain saturates because the pump and Stokes beams only interact over a limited length.

When a pump beam is aberrated, its linear propagation is strongly affected. Suppose

we consider a Gaussian beam with phase aberrations

EL (z = 0) = E exp(-y 2 /2w) exp[io(y)] , (3.13)

were o(y) is a randomly varying phase. Then EL for z > 0 can be determined by solving

the linear equation
aEL i a2E .0 (3.14)--1 z 2kL t y2

We find that

EL(IIz, = (2y) 2 dJ dJ dy' 0dy'it 2

exp [i(k - k')y] exp [-iky' + i'y"].1

(3.15)

exp{ - [(y') 2 + (yII)]/2w2}exp{i[V(Y) - SO(Y")]}

. exp -, ( k '_

- \2kL 2kL)z

If we assume a Gaussian autocorrelation length,

* (exp{i[ [(y') - (o(y")] }) = exp [-(Y' - y") 2 /212] , (3.16)
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'we conclude

& _ y2
(ELI2  

__ w
21rO wzQ~~yw2\2 1/2

(3.17)

ex F W 2 + ( + 212 2 Z ]
.5"OW 12i____

In the limit where I > w, we see that Eq. (3.17) goes over to the standard result where the
V

pulse spreads to V times its width over a length z = kLw2 . In the limit where w >> I, so

that the beam is highly aberrated, the pulse spreads to v times its original length over a

distance z = kLwI/sV.

The phase aberrations rapidly translate into amplitude aberrations so that the intensity

fluctuates as it spreads. To determine the size of these fluctuations, one must in principal

calculate

(IELi4 ) - ((IELI),)
2

A detailed calculation of this quantity is rather messy, but intuitively we expect that

(JELl 4) = (JEL12)2 at a distance short compared to the aberration Fresnel length, dr = 12kL

and (JELl4 ) = 2(IELI2) 2 at distances long compared to d. Roughly speaking, we can

consider EL viewed as a function of y to vary on a length scale I. If w = ni, where n

is some integer, then the original beam has n independent emitters, Ei, i = 1, n. At a

distance z = NI, the number of emitters which contributes is roughly N = z1l if N < n or

n otherwise. We now find

N
EL=Z E,

N (3.18)
(I (EL(z)12 ) = E -(I (z)12 ) = N(IE,(z)I2)
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where we assume that the expectation for each individual emitter is the same. Writing now

J14I - Ei) • ( E/• E; (3.19)

we conclude

N., N \ N \ N
" IE.I)= 2 ]Ej. Ej EA;E -EA (Ej.E)

X=i / =I (3.20)

= 2(N' - N)((IE, 2 ))_ 2(BEL 2)2

when N is large. To pin down the connection with the Fresnel length, we note that when z

is small
%- i a2E L

. EL(z) - EL(0) = 2 ___ =0 z (3.21)
*2kL, a L

where the second derivative is evaluated at z = 0. Using Eq. (3.13), we now find

IEL(Z)12 = IEL(0) 12 
-

I k IEL ()1 2  (3.22)

Noting that I "() ~ 1/12, we conclude that the amplitude aberrations appear over a length
.. , .

dF.

Once amplitude aberrations appear, they can have a deleterious affect on collinear beam

amplification, particularly in the high gain regime. When gEdF/4xrw >> 1 and w > 1,

then we are in the high gain, highly aberrated regime. We may ignore to lowest order the

* effect of diffraction on the Stokes beam amplification. In the central part of the beam where

.~ ,. y < w, we may write
dEs gE0 _2W
.d = ~ exp(-y 2 / )a(y)Es

: " " ( 3 .2 3 )

g 0a(y) Es
where a(,) =IELI2/(EL 2 ). The quantity a(y) is Gaussian-distributed and (a(y)) = 1.

Specifically,

f 1(a) = - aexp(- ra2/4) (3.24)2
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gives the probability distribution function of a. We then find

< IEsl 2 (z) > gEoz (g 2EZ 2  (11.25)
< IEsl 2(O)> - 2:w- exp 16r3w4

at large z. In effect, the amplitude aberrations in the pump lead to high amplitude spikes

which in turn leads to differential growth in the Stokes and substantial spikiness. We have

*not carried out a calculation in which we determine the increase in the Stokes bandwidth,

but it is clear that the Stokes can become more aberrated than the original pump, a case

sometimes observed in practice. s

4In the future, we intend to carry out a series of numerical studies using RAM2D1,

* aimed at verifying some of these theoretical results in the stationary regime.

7-p

III.C. Solitons and the Spectral Transformation

If we consider the usual transient equations, Eq. (II.A.1), in the limit of pulses very

short compared to 72 so that we may set r = 0, we obtain the following solitary wave

solutionsolto 
EL = a sech(,az - 6t) ,

IFS k clatanh(az -ftE$ - L a- t) (3.26)

Q =- - c 2- sech(z - t)
L.

where = lXc2 a2 /a which implies that the pulse is sub-luminous. This pulse has the

", remarkable property that jEsI tends to a non-zero value as t -' ±oo. Unfortunately, this
'(,

property is not physical in the limit of short pulses. Nonetheless, it can be effectively

, true in situations where pulses are initially long compared to T2 , and the Stokes pulse

undergoes a rapid phase flip at some point. It is in this context that solitons have been

observed experimentally. 7'8 Indeed, there are theoretical considerations which indicate that

* dissipation plays an important role in the soliton's formation.9 '1 0 Virtually all theoretical
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work to date has focussed on the case where the original Stokes pulse has a 1800 phase

flip. It is of some interest to determine how close to 1800 the phase flip must be before a

soliton, or more precisely a soliton-like structure, will form. We have considered this issue

and intended to report on it at the July '88 IQEC meeting in Tokyo, Japan. (The high

cost of travel to Japan has prevented us from attending.) The summary for this meeting is

included in Appendix D, and we do not repeat the details here. We conclude that if

Es = Krst + iKs (3.27)

in the neighborhood of the phase flip, then a soliton will form if

r Ks <1 (3.28)

Another issue of some importance is the possible generation of a series of solitons when a

series of pump pulses is injected into a Raman cell. The evolution of a series of pulses has

been considered by Reintjes, et al." and it is of some interest to determine whether a series

of solitons can emerge from these pulses. We have not considered this issue in any detail,

but it is of some interest to point out that the transient equations do have periodic solutions

* when r = 0. Typical solut:As are

EL =a cn(az - t~m)

Es = , sa ,n(ckz - #tlm) (3.29)

-s a
Q V .;W#- dn(az - ,tlm)

where a# = C2a2/m. Whether this solution is realizable in practice will be determined

in future investigations.

We now turn to a discussion of the spectral transform method which applies in the
l2c

S limit of short, transient pulses. There are theoretical reasons to suspect that solitons in
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these systems are always transient. On physical grounds, we might anticipate this result as

the quantity

K = IELI2 + LEs12 (3.30)

is constant at every t-point while solitons are sub-luminous. Hence, we expect them to

disappear at the back end of the pulse. We shall see that the spectral transform method

has peculiarities in our case which result in solutions of very different character from those

which are normally found when spectral methods can be used.

We first make a change of variables so that our notation follows that normally used

in this field. 9 '"'"s We let A, = EL, A 2 = (kL/ks)l/L Es, X - s(kL/ks)I/ 2 Q, e =r/.,
'%=

* r = It, and X = r2z, yielding

= XA 2

8AL
ax = XAi ,(3.31)

.ax, ax

S+ eX =A 1 A;

We apply the spectral transform approach in the limit where we may set z = 0. Following

Kaup,9 we first consider two new quantities ul and u2 which satisfy the equations
Ou, i

' ax UIU
5- =(3.32)

au 2  i
-. + U2 = ,

* and
Clj+ S3u1 = S+U2 ,
,r (3.33)

C _ i SsU 2 =r

* where sS (AIA;-A 2 A;)

=S+ =A;AI (3.34)

*2
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Equations (3.32) and (3.33) are compatible, i.e., their cross-derivatives are equal, only if

Eq. (3.31) holds with c = 0. At this point, we define the quantities

A = I(AIA; + A 2A;) , (3.35)4

the angles 0 and 9 through the relations

Ss=Acos ,

(3.36)
S+ = Ae" sin ,

and the angle -y through the compatibility relations

T- = cos , (3.3)
a7 2.(x(

T- sin(X co 0 - X 2 sin 0)

where we have decomposed

X = X-iX (3.38)

We define as well the matrices,

* r = Icos(y/2) + ifs s(1y/2)

B = Icos(,/2) + ior, sin(#8/2) , (3.39)

8= Icos(9/2) + iossin(9/2)

where a1, 0'2, and 0 are the Pauli matrices. Finally, we let

V = U1  , ' (3.40)

where (Ul, U2) and (fi, f) are two independent solutions of Eq. (3.33). Making the trans-

formation

Sv = rBe-U , (3.33)

we have verified after substantial algebra that V satisfies the equation

I + k0 3 V= (3.42)
)V _ 0. ') ,
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where
T =J .4dr' ,

T 0dr (3.43)

q= [e'7 sinfl]q Cos 0 T

4, Equation (3.42) has the standard form of the AKNS systems. 14 We impose the boundary

condition V(r -. -oo) = o and let V(r -- +oo) = YS t a3, where

eYT 0 S = (, (3.44)

* a, a, b, b are the usual scattering coefficients, and T. = T(r = +oo). We now find

- 'rB Br_1v - 'V roBoff3 B'rJ 0 , (3.45)
ax =(

where the subscripted matrices, B0 and r0, are B and r in the limit r -- -co. Once the

evolution of V is. known in the limit r = co, we can determine a(x), a(X), b(x), and b(x).

Where q is compact, i.e. To is finite, a, 4, b, and b are all analytic as a function of . We

now define

G(x)= 3- e- i r d"
2xJCa (3.46)

',.b dez 1 f z d

where the contour C goes over all the zeroes of a and ( goes under all the zeroes of a.

Solving the linear equations

+ L(Ty)+ 0oG(z+ y) - L L(z,s)G(s+ y) da = 0
(3.47)

L., y) + (0) 0(-- +y) + fo (x, s)C(s + y) ds = 0,

we can find q(x) using the relation

q()= 2L,(z,x) (3.48)

In standard AKNS systems, the evolution of the scattering is quite simple, while the zeroes

0 of a and a are fixed and correspond to solitons. 4 In our problem, that is no longer the case
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as X $ 0 in general in the limit r -- oo, and, hence, the evolution of the spectral data

cannot be easily determined. Fortunately, Kaup' 2 has shown that solving the equation

ax -- VOsroBousBo1roO, , (3.49)

will still yield the correct answer for q when the previously outlined procedure is followed.

However, the spectral data obtained in this way is not true spectral data. The zeroes of

a and a are not fixed and no longer correspond to solitons. To illustrate this point, we

consider a simple example already studied by Duncan, et al.s We suppose that the Stokes

is initially a multiple of the pump. We then find that

q(x=o)=o . (3.50)

From Eq. (3.49), we find
a,= -"[a coa to - i sin o],

a.= -[acoaftoibsin%J

bx = --![asino +bcos oj

Using Eq. (3.50), it now follows that

G1 ! isin#O[e-'x - e'x l ] e=t TdC . (3.52)6,(2T- Ic (1 - coo Po)C'x/C + (1 + cos o)e-'x/c e

Wheno 60-- 0, the zeroes of the integrand lie in the upper half plane, there are an infinite

number of them clustering about the essential simularity at 0 = , and they explode outward

as X increases. We have yet to make a complete evaluation of Eq. (3.52), not to mention a

determination of L(x, y) and L(z, y). We may consider this problem in the future.

It is possible to show however that when X is small, the usual linear result is reproduced.

Expanding the integrand of Eq. (3.52) as a power series in Po, assuming that it is small, we

40

0



find0

-L2T ~ (I N~x/f)e2IrT d (3.53)

where the contour + is a small, positive circle around =0. Recalling the relation

[xp I (t + l/t)] tklh(Y) ,(3.54)

k-00

we find

_ ieo/X 1 / 2  r 1 21
2 (T

Writing now

dfi
dT = q(T) =2LI(T,T) -2G(2T) ,(3.56)

we finally conclude

P(T) P ~olo [4(XT)1/2] ,(3.57)

a result which had earlier been obtained by Duncan et al.5 using more elementary methods.
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APPENDIX A

Code Listings

* Typical namelists and output are included in the manual (Appendix B).

44



RAM2DI (version C)

I PROGRAM RAM2D1C
2 C
3 C THIS IS VERSION C OF THE TRANSIENT RAMAN AMPLIFIER CODE
4 C R A M 2 D 1. THIS VERSION IS ADAPTED TO RUN ON THE CENTRAL
5 C COMPUTING FACILITY AT THE NAVAL RESEARCH LABORATORY.
6 C
7 C RAM2DI WAS WRITTEN BY CURTIS R. MENYUK 11/86 TO SOLVE THE
8 C COUPLED RAMAN EQUATIONS WITH BOTH TRANSIENT AND DIFFRACTIVE
9 C PHENOMENA ACCOUNTED FOR. THE EQUATIONS ARE ADVANCED IN THE
10 C Z-DIRECTION. THE BEHAVIOR IN THE TIME "DIRECTION" AND THE
11 C TRANSVERSE (Y) DIRECTION ARE DETERMINED AT EACH Z-STEP. HENCE.
12 C THIS CODE IS 2+1D. THE TWO QUANTITIES THAT ARE ADVANCED AT EACH
13 C STEP ARE THE PUMP AND THE STOKES AMPLITUDES. IN ADDITION, THE
14 C MATERIAL EXCITATION MUST BE DETERMINED AT EACH STEP THROUGH A
15 C CONSTRAINT EQUATION.
16 C
17 C THE SYSTEM OF EQUATIONS IS SOLVED USING A SEMI-SPECTRAL APPROACH.

18 C THE Y-DERIVATIVES OF THE DYNAMICAL EQUATIONS (THE EQUATIONS
19 C GOVERNING THE PUMP AND STOKES WAVES) ARE DETERMINED IN KY-SPACE,
26 C AND THE NONLINEAR TERMS ARE DETERMINED IN Y-SPACE. THERE ARE NO
21 C T-DERIVATIVES IN THE DYNAMICAL EQUATIONS AND HENCE NO NEED TO USE
22 C OMEGA SPACE. THE CONSTRAINT EQUATION (THE EQUATION GOVERNING
23 C THE MATERIAL EXCITATION) DOES CONTAIN A T-DERIVATIVE BUT NO
24 C Y-DERIVATIVE.
25 C
26 C THE CONSTRAINT EQUATION IS SOLVED FOR Q(EL.ES), SUBJECT TO THE
27 C APPROPRIATE BOUNDARY CONDITION (THE MATERIAL EXCITATION IS ZERO
28 C WHEN T GOES TO MINUS INFINITY). IT IS SOLVED FOR IN ONE OF THREE
29 C WAYS. DEPENDING ON THE PARAMETER REGIME: 1) WHEN NT IS EIGHT OR
36 C LESS. A SET OF 1-D STATIONARY CASES IS RUN. 2) WHEN MAX(ABS(T/TTWO))
31 C < ie.e AND NT > 8, A RUNNING SUM IS PERFORMED. IN THIS APPROACH, IT
32 C IS NOT NECESSARY THAT Q-8 AT TMAX. 3) WHEN MAX(ABS(T/TTWO)) > 10.6
33 C AND NT > 8, A FOURIER TRANSFORM APPROACH IS USED.
34 C
35 C THE DYNAMICAL EQUATIONS ARE ADVANCED IN Z USING A MIDPOINT EULER
36 C METHOD WITH ONE SPECIAL MODIFICATION - THE LINEAR PORTIOt1 OF EACH

, -37 C EQUATION IS ADVANCED IN SUCH A WAY THAT IT IS SOLVED EXACTLY TO
38 C WITHIN ROUNDOFF. IN THIS VERSION. THE STEP SIZE IS FIXEr.
39 C
46 C
41 C TIME IS DIMENSIONED IN PICOSECONDS; DISTANCE IS DIMENSIONED IN
42 C CENTIMETERS; AND POWER IS DIMENSIONED IN GIGAWATTS. ALL OTHER
43 C QUANTITIES ARE CORRESPONDINGLY DIMENSIONED.
44 C
45 C
46 C
47 C MODIFICATION 4/87:
48 C THIS PROGRAM ASSUMES THAT WHEN NY IS EIGHT OR LESS, A SET OF 1-O
49 C TRANSIENT CASES WITH NO Y-VARIATION ARE BEING RUN.
50 C NOTE: ONE MUST SET ICOND-3 IN THIS CASE FOR THE PROGRAM TO
51 C INITIATE PROPERLY
52 C eooeeeoooos eeo eeeo *e*eeoo *o*ee * ~* ***e e* * *** e

53 C MODIFICATION 5/87:
54 C THIS PROGRAM ASSUMES THAT WHEN NT IS EIGHT OR LESS, A SET OF
55 C STATIONARY CASES WITH NO T-VARIATION ARE BEING RUN. IN THIS
56 C CASE CFFT2 IS CALLED TO CARRY OUT THE FOURIER TRANSFORMS

* 57 C SERIALLY. RATHER THAN CARRYING THEM OUT IN PARALLEL AS IN THE
58 C 2-D CASE.
59 C NOTE: ONE MUST SET ICOND-4 IN THIS CASE FOR THE PROGRAM TO
60 C INITIATE PROPERLY
61 C
62 C MODIFICATION 9/87:
63 C THE DATA OUTPUT FILE NAME WAS CHANGED FROM 'FRAM' TO THE FOLLOWING:
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RAM2DI (version C)

64 C THE DATA FILE NAME'S FIRST CHARACTER (F) STANDS FOR THE OLD DATA
65 C FILE NAME 'FRAM'. THE SECOND CHARACTER INDICATES THE T-DIMENSION,
66 C THE THIRD THE Y-DIMENSION. THE DIMENSIONS ARE REPRESENTED BY THEIR
67 C NUMBER (1-8) IF LESS THAN 9. IF GREATER THAN 8 THE DIMENSIONS ARE
68 C ASSUMED TO BE INTEGRAL POWERS OF 2. THE N-TH POWER OF 2 IS
69 C REPRESENTED BY THE N-TH CHARACTER OF RLFBET. THE FOURTH THROUGH
70 C NINETH CHARACTER IN THE FILE NAME ENCODES THE MONTH. DAY. AND YEAR
71 C THE PROGRAM WAS STARTED. A THENTH THROUGH TWELFTH CHARACTER IS
72 C APPENDED. NUMBERING THE PARTIAL DATA FILES THAT ARE GENERATED
73 C WHEN THE PROGRAM RUNS TWO-DIMENSIONALLY (MAXIMALLY 999 NEW FILES).
74 C *eoooeoeoeoooeeeo*os*see*.eeooeoese * ooe. eooeoo.....o.o
75 C
76 C -VARIABLES-
77 C
78 C NY - NUMBER OF Y POINTS (MUST BE A POWER OF 23
79 C NT -NUMBER OF T POINTS (MUST BE A POWER OF2
86 C NP - MAXIMUM NUMBER OF PUMP BEAMS
81 C NPUMP - ACTUAL NUMBER OF PUMPS82 C TM - DELIMITING T-VALUES

63 C TM - DELIMITING T-VALUES (PS)
84 C ZINT - BEAM INTERSECTION POINT (CM)
85 C RKP - PUMP WAVENUMBER (CM**-I)
86 C RKS - STOKES WAVENUMBER (CM*.-1)
87 C TOFF - Y-OFFSETS OF THE PUMP BEAMS (CM
88 C TOFF - T-OFFSETS OF THE PUMP BEAMS PS)

" 89 C YWIDTH - Y-WIDTHS OF THE PUMP BEAMS (C9S
90 C TWIDTH - T-WIDTHS OF THE PUMP BEAMS (PS5
91 C YOST - Y-OFFSET OF THE STOKES BEAM (CM)
92 C TOST - T-OFFSET OF THE STOKES BEAM (PS)
93 C YWST - Y-WIDTH OF THE STOKES BEAM (CM)

A, 94 C TWST - T-WIDTH OF THE STOKES BEAM (PS)
95 C RINT - INTENSITY OF THE PUMP BEAMS (GW/CM*.2)
96 C RIST - INTENSITY OF THE STOKES BEAM (GW/CM*02)
97 C RAMP - AMPLITUDE OF THE PUMP BEAMS [SQRT(PS*GW/CM*.3)J
98 C RIST - AMPLITUDE OF THE STOKES BEAM [S0RT(PS*GW/CM*.3)j
99 C RAMASM - AMPLITUDE OF THE STOKES ASSYMETRY

16e C RALASM - STRETCH OF THE STOKES ASSYMETRY
101 C NHYP - EXPONENT OF THE HYPERGAUSSIAN DISTRIBUTION IN THE
182 C Y-DIRECTION (MUST BE AN EVEN INTEGER)
163 C PHL - FACTOR MULTIPLYING THE INITIAL PUMP CHIRP
164 C PHST - FACTOR MULTIPLYING THE INITIAL STOKES CHIRP
105 C TOC - CHIRP PULSE TIME OFFSET (PS)
106 C TWC - CHIRP PULSE T-WIDTH [SET TO TWIDTH(1)] (PS)
167 C YWC - CHIRP PULSE Y-WIDTH [SET TO YWIDTH(1)] (PSi
108 C ICOND - TYPE OF INITIAL PUMP AND STOKES PROFILES

*1, 109 C - 1: DOUBLE-SECH PROFILE
116 C - 2: SECH..2-HYPERGAUSSIAN PROFILE
111 C - 3: 1-O TRANSIENT CASES (NO Y-VARIATION)

V 112 C - 4: STATIONARY CASE (TO T-VARIATION)
113 C ZSTEP - STEP SIZE (CM)
114 C ZH - ZSTEP/2 (CM)
115 C ZFINAL - FINAL Z-VALUE (CM)
116 C ZKEEP - Z-VALUE INCREMENT BETWEEN POINTS WHERE DATA IS
117 C STORED (CM)
11e C NMAX - MAXIMUM NUMBER OF ALLOWED STEPS IN Z (MUST BE LESS THAN
119 C OR EQUAL TO NST)
120 C TTWO - DAMPING TIME OF THE MATERIAL EXCITATION (PS)
121 C GAIN - RAMAN GAIN FACTOR ASSUMING NO PUMP DEPLETION (CM/GW)
122 C RKAP1 - KAPPA-I: NONLINEAR COEFFICIENT IN THE MATERIAL

* 123 C EXCITATION EQUATION (SORT(CM..3/GW*PS)]
124 C RKAP2 - KAPPA-2: NONLINEAR COEFF!CIENT IN THE STOKES
125 C EQUATION [SQRT(CM*.3/GW*PS)/CM*PS]
126 C SPEED - SPEED OF LIGHT IN VACUUM (USED IN THIS CODE TO

0
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RAM2D1 (version C)

127 C APPROXIMATE THE SPEED OF LIGHT IN THE MATERIAL) (CM/PS)
128 C EL - PUMP ARRAY (NT.NY)
120 C ES - STOKES ARRAY (NT.NY)

136 C Q - MATERIAL EXCITATION ARRAY (NT.NY)
131 C AEL,AESAQ - SORRESPONDING FOURIER ARRAYS
132 C AW - STORAGE ARRAY FOR THE MIDPOINT EULER METHOD (NT*NY.41
133 C CW - WORKING ARRAY FOR THE Y-DIRECTION FFT (SNY/2)
134 C (LENGTH MODIFICATION MADE 5/87 TO ALLOW CFFT2 TO RUN)
135 C CWQ - WORKING ARRAY FOR THE T-DIRECTION FFT (NT)
136 C USED WITH METHOD 2 OF CONSTRAINT EQ. SOLN.
137 C WQ1.WQ2 - WORKING ARRAYS FOR CONSTRAINT EQ. SOLN. WITH
138 C METHOD 1 (NT). THEY ARE EQUIVALENCED WITH CWQ
139 C TO CONSERVE SPACE
146 C COMVEC - INVERSE KERNEL FOR THE MATERIAL EXCITATION EQUATION
141 C WHEN METHOD 2 IS USED (NT)
142 C CYVEC - KERNEL FOR THE SECOND ORDER Y-DERIVATIVE OPERATOR IN
143 C THE DYNAMICAL EQUATIONS. THE FINITE LENGTH IS ACCOUNTED
144 C FOR SO THAT IN THE LINEAR LIMIT THE PROPAGATOR IS EXACT.
145 C TWO VECTORS ARE NEEDED (NY*2)
148 C NWRT - NUMBER OF RECORD GROUPS IN UNIT 4
147 C
148 C
149 C -VARIABLES, BOTH ALTERED AND NEW, 1-0 TRANSIENT CASE-150 C
151 C NY - ACTUAL NUMBER OF CASES RUN
152 C ITYPE - TYPE OF INITIAL PROFILE
153 C - 1: SECH PROFILE
154 C - 2: RECTANGULAR PROFILE
155 C - 3: LORENTZIAN PROFILE
156 C - 4: EXPONENTIAL PROFILE
157 C RTYPE - POWER TO WHICH PROFILE IS TAKEN (ITYPE - 1 & 3)
158 C - POWER TO WHICH EXPONENT IS TAKEN (ITYPE w 4)
159 C
166 C
161 C -VARIABLES, BOTH ALTERED AND NEW, STATIONARY CASE-
162 C
163 C NT - ACTUAL NUMBER OF CASES RUN
164 C AW1.AW2 - WORKING ARRAYS USED BY CFFT2 (NY)
165 C RABAMP - FRACTIONAL CONTRIBUTION OF THE AMPLITUDE ABERRATIONS
166 C RDSLIM - NUMBER OF TIMES DISPERSION LIMITED THE PUMP BEAMS ARE
167 C DUE TO ABERRATIONS
168 C [SET WITH RESPECT TO YWIDTH(1)J
169 C
176 C
171 PARAMETER(NT-256.NY-256.NTHP-1+NT/2.NP,,16.NPM2-NP-2.NST-4660,
172 1 NS-SNY/2)
173 C
174 IMPLICIT COMPLEX(A-E.Q)
175 DIMENSION EL(NT,NY),ES(NT,NY).Q(NT.NY),AEL(NT.NY).AES(NT NY).
176 1 AQ(NT.NY).AW(NTNY,4) .CW(NS)AW1 (NY),AW2(NY) CYVEC(NY.25,
177 2 COMVEC(NT),CWQ(NT).WQI NY ,WQ2(NT),.YWIDTH(NP ).TWIDTH(NP).
178 3 YOFF(NP),TOFF(NP).RAMP NP .RINT N .PHL(NP).ITYPE(8).RTYPE(8).
179 4 RABAMP(8).RDSLIM(8),F(NST).SQ(NST).SSTEP(NST).YM(2).TM(2)
186 CHARACTER*I D1
181 CHARACTERe2 DIA
182 CHARACTERe2 D2
183 CHARACTER*2 D3
184 CHARACTER*7 DTFL6
185 CHARACTER*7 DTFLI
186 CHARACTER*6 DTFLID
187 CHARACTER*7 DTFL2D
188 CHARACTER*8 FDATE
189 CHARACTER*9 FRAM
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RAM2D1 (version C)

196 CHARACTER*S FRM
191 CHARACTERsI ISTP1
192 CHARACTERel ISTP2
193 CHARACTER.1 ISTP3
194 CHARACTERelS NUMRAL
195 CHARACTERe9 PDNID
196 CHARACTER.12 PDN2D
197 CHARACTER*12 PONO
198 CHARACTER*12 PONI
199 CHARACTER.26 RLFBET
266 CHARACTERel TDIM
261 CHARACTERel YDIM
262 EQUIVALENCE (CWQWQ1) .(CWQ(NTHP) .W02)
263 NAMELIST/NAML/NPUMP.YM.TMZINT,RKP.RKS,YOFF.TOFF.YWIDTH.TWIDTH.

* 264 1 YOST .TOST .YWST.TWST.RINT.RIST.RAMASM.RALASMNHYP.PHL.PHST.TOC.
205 2 ITYPERTYPE.RABAMP.RDSLIM. ICOND,ZSTEP.ZFINAL.ZKEEP.NUAX.TTWO.GAIN
206 COMMON/VINIT/NPUMPYU.TUZINT,YOFFTOFF.YWIDTH.TWIDTH.YOST.TOST,
207 1 YWST.TWST.RAMP.RAST.RAMASM.RALASM.NHYPPHL.PHST.TOC.ITYPE.RTYPE.
268 2 RABAMP.RDSLIM
269 COMMON/VARTWO/EL.ES.Q.AWI ,AW2.CW.RKP.RKS
216 COMMON/VWORK/AEL.AES.AQ.AW,CWQ.COMVEC.RKAP1 .RKAP2.TTWOYFAC.RDT
211 C
212 DATA 01/3.141 59265358979/,SPEED/6.6299779/
213 DATA YM/-6.3.S.3/.TM/-10.6.109.S/.NPUUP/2/.GAIN/3.9/.

*214 1 RINT/NPeS.55/.RIST/6.663/.TTWO/633.9/.YOFF/6.14.-9.14.NPM2../,
215 2 TOFF/NP../.YWIDTH/NP.S.16/.TWIDTH/NP.46.S/.YOST/S.68
216 3 TOST/-49.9/.YWST/8.10/.TWST/46.0/.RAMASM/1.5/.,,RALASU/5.6/.

*-217 4 NHYP/S/.PHL/NPaO.6/.TOC/5.S/, PHST/9.9/. ICOND/2/. ITYP E/8el!.
**218 5 RTYPE/8.2.6/.RABAMP/8../.RDSLIM-/8e../.ZINT/29.9/.

219 6 RKP/1 .186E+5/.RKS/6.91893E+5/.ZSTEP/905/.ZFINAL/50.9/.
*226 -7 ZKEEP/1. /,NMAX/4008/

221 C
222 CALL ASSIGN(IRRE,DNL.ERRML.AL.FT59-L)
223 RLFBET-*ABCDEFGHIJKLMNOPQRSTUVWXYZ'
224 C 1234567899123456789S123456
225 NUMRAL-60123456789'
226 IF (NT.GT.8) THEN
227 ITDIM-NINT(ALOG(FLOAT(NT) )/ALOG(2.6))
228 TDIM-RLFBET (ITDIU:ITDIM)
229 ELSE
236 TDIM-NUURAL (NT+1:NT+1)
231 ENDIF
232 IF (NY.GT.8) THEN
233 IYDIM-NINT(ALOG(FLOAT(NY )/ALOG(2.6))
234 YDIU-RLFBET (IYDIM:IDU
235 ELSE
236 YDIM-NUMRAL (NY+1:NY+1)
237 ENDIF
238 CALL DATE(NDATE)
239 WRITE (FDATE.'(AS)') NOATE
246 D1-FDATE (2:2)
241 D1A-FDATE (1:2)

*242 IF (D1A.EQ2 ') D1-'A
243 IF (DIA.EQ.I') D1-9B
244 IF (D1A.EQ?12) 01-.C.
245 D2-FDATE (45)
246 D3-FDATE(78

247 FRM B'/Ti//YDIM//DI//D2
* 248 FRAM-' F//TDIM//YDIU//D1A//D2//D3

249 IF (NT.GT.8.AND.NY.GT.8) THEN
256 ISTP1-NUMRAL(1:1)
251 ISTP2-NUMRAL (2:2)
252 DTFLO-FRM//ISTPI

47

'%%:



VII

253 DTFLI-FRM//ISTP2
254 CALL ASSIGN(IRRE.'DN'L.OTFLS.'A'L.'FTO2-L)
255 WRITE (59..) 'ASSIGN FT62- '.OTFLS
256 CALL ASSIGN(IRRE.'DNL.DTFL1,'A'L.'FT63-L)
257 WRITE (59..) 'ASSIGN FT83- '.DTFLI
258 PDNO-FRAM// ISTP1//ISTP1//ISTP1
259 PDN1-FRAM//ISTP1//ISTPl//ISTP2
266 IZNO-1
261 ELSE
262 DTFLID-FRM
26.3 CALL ASSIGN(IRRE.'NL.DTFLD,-AL.'FT64-L)
264 WRITE (59..) 'ASSIGN FT04- ,.DTFLlD
265 PDNID-FRAM
266 ENDIF
207 CALL ASSIGN(IRRE.'DN'L,'NRAM'L.'A-L.'FTSI'L) Q
268 READ (1.NAML)
269 CALL SECOND(STOTI)

hJ'
4

276 C
271 C -SET KAPPA-FACTORS
272 RKAPI-SQRT(GAIN/(RKS.(RP 5--RKS) *TTWO))/(S.S.PI)
273 RKAP2-4.e.PI.RKS.(RKP-Rk .*SPEED.RKAPI
274 C
275 C - SET PUMP AND STOKES AMPLITUOtS
276 R1-8.S.PI/SPEED
277 NAMPwNPUMP
278 IF (NY.LE.8) NAMP-NY
279 DO 5 Il-1,NAMP
286 5 RAMP(I1);SQRT(Rl;RINT(I1))
281 RAST-SQRT(RI*RIST

'V282 C
263 C -MISCELLANEOUS INITIALIZATIONS. INCLUDING THE WORKING ARRAY FOR THE
284 C Y-DIRECTION FFT
285 ZFIN-ZFINAL-1 .6E-06
286 ZKP-ZKEEP-1.OE-6
287 N999-AMO(ZFINAL.ZKEEP)
288 IF (N999.GE.998) THEN
289 WRITE (59.. 'DATA FILES IN EXCESS OF 999'
290 CALL EXIT(1,
291 ENDIF
292 IF (NY.GT.8) CALL CFOUR2(EL.CWNY.NT,1.O.AWI.AW2)
293 ZVAL-6.S

C9 ZH-0.Si'ZSTEP

296 C -DETERMINE Y-SECOND-ORDER-DERIVATIVE KERNEL
297 C
208 IF (NY.GT.8) THEN

N!299 YFAC-2.9*PI/(YM(2)-YM(1))
306 DO 8 12-1 .NY/2
361 8 CYVEC( 12.2)-0.5(0..1.)ZH((2-1)YFAC)**2

*362 DO 9 I 2-1+NY/2.NY I
39 9 CYVEC(12.2?-.5(6.9.1.9)ZHe((-NY+I2-1)YFAC)..2

'a365 CYVEC (12.1 )-CEXP (CYVEC (12.2 )/RKP)366 CYVEC (12.2 )-CEXP (CYVEC (1./RKS)
367 16 CONTINUE
368 ELSE
369 YFAC-1
310 DO 12 12-I .NY

* 311 CYVEC(l 1.1-.e
WV312 CYVEC (12,2)-i.e

313 12 CONTINUE
314 ENOIF

.1~~.315 C
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316 C -SET TRAT AND THE WORKING ARRAYS FOR DETO
317 C

* 318 IF (NT.GT.8) TRAT-AMAXI(-TM(1)/TTWO.TM(2)/TTWO)
319 C
320 C- IF METHOD 2, SET WQl AND W02
321 IF (TRAT.LE.1S.9.ANO.NT.GT.8) THEN
322 RDT-(TM(2)-TM(l))/NT
323 DO 15 13-I ,NT
324 TVAL-TM(1)+RDT*(13-1)
325 WQI (13) -EXP'TVAL/TTWO)
326 WQ2( 13)-1.S/woi(i3)
327 15 CONTINUE
328 C
329 C - IF METHOD 3. SET CWQ AND COMVEC
330 ELSEIF (TRAT.GT.le.AND.NT.GT.8) THEN
331 CALL CFOUR2(Q.CWQ.NT.NY.1.0.AWI.AW2)
332 Ri-i .S/TTWO
333 R2-2.S.Pl/(TM(2)-TM(l))
334 R3-NT
335 DO 17 13-l.NT/2
336 17 COMVEC(13)-(0.0.1.9).RKAPI/((R1-(0.0.1.e).(13-1).R2).RS)
337 DO I8 13-NTHP.NT
338 18 COMVEC(I3)-(..1.)RKAPI/((R-(.0.1.0)(-NT.13-1).R2).R3)
339 ENDIF
340 C
341 C - RECORD INITIAL DATA
342 C
343 IF (NT.GT.B.AND.NY.GT.8) THEN
344 WRITE (2) NPUUP.YM,TMZINT.RKP.RKS.YOFF.TOFF.YWIDTHTWIDTH.
345 1 YOST.TOST.YWST.TWST.RINTRIST.RAMASMRALASM.NHYP.PHLPHST,

a.346 2 TOC.ICOND.ITYPERTYPE.RABAMPRDSLIM.ZSTEP,ZFINAL.ZKEEPNMAX,
347 3 TTWO,GAIN
348 WRITE (3) NPUMP,YM,TM.ZINT.RKP.RKSYOFF'TOFF.YWIDTH,TWIDTH.
349 1 YOST,TOST.YWSTTWST.RINTRIST.RAMASM,RALASM.NHYP.PHL,PHST,
350 2 TOC.ICOND.ITYPE.RTYPERABAMP,RDSLIMZSTEP.ZFINAL.ZKEEPNMAX.
351 3 TTWO.GAIN
352 ELSE
353 WRITE (4) NPUMP.YM.TM.ZINTRKPRKS.YOFF.TOFFYWIDTH.TWIDTH.
354 1 YOST.TOST.YWST.TWST,RINT.RIST.RAIASMRALASM,NHYP.PHL.PHST.
355 2 TOC.ICOND.ITYPE.RTYPE.RABAMP.RDSLIMZSTEPZFINAL.ZKEEP.NMAX.
356 3 TTWO.GAIN
357 ENDIF
358 NWRT-1
359 C
360 C -DETERMINE CPU TIME FOR [NIT
361 CALL SECOND(SINIT1)
362 CALL INIT(ICOND)
363 CALL SECOND(SINIT2)
364 SINIT-SINIT2-SINITI

*365 C
366 C -RECORD INITIAL COORDINATE DATA AND FOURIER DATA: NOTE A0-0-0.0
367 IF (NY.GT.8) THEN
368 CALL SHFT (EL.NY.NT)
369 CALL SHFT( C SNY.NT)
370 IF (NT.GT.8 THEN
371 WRITE 2 ZVAL,EL
372 WRITE 2 ZVAL.ES

4373 WRITE 2 ZVAL.Q
374 WRITE 3 ZVALEL
375 WRITE 3 ZVAL,ES
376 WRITE 3 ZVAL.O
377 CLOSE 12
378 CALL SAVE(IRRE.'DN'L.DTFLO,'PDN'L.PDNO.
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379 1'RESIDE'L. OFFLINE;L)
386 CALL RELEASE(IRREDN-LDTFL6
381 ELSE
382 WRITE (4) ZVAL.EL

383 RITE4 ZVL.)
383 WRITE 4 ZVAL.ES
385 ENDIF
386 CALL SHFT (EL NY.NT)
387 CALL SHIFT (ESNY.NT)
388 ELSE
389 WRITE (4) ZVAL.EL
396 WRITE (4) ZVAL.ES
391 WRITE (4) ZVAL.Q
392 ENDIF
393 NWRT-NWRT+3
394 C
395 C -DETERMINE INITIAL FOURIER DATA
396 C
397 DO 26 12-I .NY
398 DO 26 13-I .NT
399 AEL (13.I2)-EL(I3.I2)
406 AES(13.12)-ES 13.12)
461 AO(13,12)-QI .1)
462 26 CONTINUE
463 IF (NY.GT.8) THEN
464 CALL CFOUR2(AELCWNY.NT.- 1AWIAW2)465 CALL CFOUR2(AESCW,NY.NT.-I.1.AW1.AW2,
466 Ri-I .9/(YFAC*NY)
467 DO 36 12-l.NY
468 DO 36 I3-1.NT
469 AEL(13,I2)-Rl*AEL(I3.I2)
416 AES(13,I2)-Rl*AES(I3,I2)
411 36 CONTINUE
412 C
413 C - RECORD INITIAL FOURIER DATA: NOTE AQ-0.0
414 CALL SHFT (AEL,NY.NT)
415 CALL SHFT(CAES.NY,NT)
416 IF (NT.GT.8) THEN
417 WRITE 2 ZVAL.AEL
418 WRITE 2 ZVAL,AES
419 WRITE 2 ZVAL.AQ
426 WRITE 3 ZVAL.AEL
421 WRITE 3 ZVAL,AES
422 WRITE 31 ZVAL.AQ
423 ELSE
424 WRITE (4) ZVAL.AEL
425 WRITE (4) ZVAL.AES
426 WRITE (4) ZVAL.AQ
427 ENDIF

* 428 CALL SHFT (AEL.NY.NT)
429 CALL SHFT(AES,NY.NT)
436 NWRT=NWRT+3
431 ENDIF
432 C
433 C -ENTER THE LOOP OVER STEPS IN Z
434 C
435 DO 560 16-I .NST
436 CALL SECOND(SSTEP1)

*437 C
438 C - EXIT CONDITION: STORAGE IS FILLED
439 IF (IS.GT.NUAX) THEN
446 WRITE (59,50)
441 56 FORMAT(- NMAX REACHED-)
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442 G0 TO 510
443 ENDIF
444 ZVAL=10.ZSTEP
445 C
446 C -CALCULATE THE FIRST EULER STEP
447 C
448 CALL SECOND(SFEI)
449 CALL DERIV(1)
450 CALL SECOND(SFE2)
451 DO 180 12-I .NY
452 DO 100 13-1, NT
453 Cl-AW (13,12.1)
454 C2-AW (13.12.2)
455 AW (13.12.1) -AELj(13.12) CYVEC (12.1)456 AW( 13.12.2)-AES (1,2*CYVEC(12.2)
457 AEL( 13.12)-AW(13 .12.1 )+ZH.C1
458 AES( 13.12)-AW(13.12.2)+ZH*C2
459 100 CONTINUE
466 C
461 C -SOLVE CONSTRAINT EQUATION FOR THE MATERIAL EXCITATION
462 CALL SECOND(SQI)
463 CALL OETQ(TRAT)
464 CALL SECOND(SQ2)
465 C

*466 C -CALCULATE THE SECOND EULER STEP
467 C
468 CALL SECOND(SFE3)
469 CALL DERIV(2)
476 CALL SECOND(SFE4)
471 DO 119 12-1,NY
472 DO 110 13-I .NT
473 AEL (13.12) mAW (13.12.1) CYVEC (12.1) +ZSTEP:AW (13 12.3)474 AES(13.12)-AW(13 12 2).CYVEC( 12.2)+ZSTEP AW13.12.4)
475 116 CONTINUE
476 C
477 C - SOLVE CONSTRAINT EQUATION FOR THE MATERIAL EXCITATION
478 CALL SECOND(SQ3)
479 CALL DETQ(TRAT)
466 CALL SECOND(SQ4)
461 C
482 C -RECORD DATA
483 C
484 IF (ZVAL.GE. ZKP) THEN
485 ZKP-ZKP+ZKEEP
488 IF (NT.GT .8.AND.NY.GT.8) THEN
487 IZNO-IZNO+1
486 INUMRL-AIN1T(S.61*IZNO)
489 ISTPI-NUMRAL (INUMRL+1 INUMRL+1)

*496 IRST-IZNO-10INUMRL
491 INUMRL-AINT(0. 1.IRST)
492 ISTP2-NUMRAL ([NUMRL+1 INUMRL+1)
493 INUMRL-IRST-10.INUMRL
494 ISTP3-NUMRAL (INU&IRL+1 INUMRL+1)
495 DTFL2D-FRM//-2

*496 CALL ASSIGN(IRRE.PNL.DTFL2D.-AL.-FT64-L)
497 WRITE (59,*) 'ASSIGN FT64- '.DTFL2D
498 PDN2D- RAU//ISTPI//ISTP2//ISTP3
499 ENDIF

*506 IF (NY.GT.8) THEN
561 DO 115 12-i .NY
502 0O 115 13-1,NT
563 EL( 3:I2)-YFAC*EL(I3.12)
504 ES( 13 12)mYFAC*ES(13.12)
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505 AQ(13.12)-Q(I3.I2)
506 115 CONTINUE
507 CALL SHFT (E.NY.NT)
568 CALL SHFT (ES.NY.NT)

N 509 CALL SHFT (0 *NY,NT)
A: 510 WRT(4 ZVAL,EL

511 WRIE (4) ZVAL.ES
512 WRITE (4) ZVAL.Q
513 CALL SHFT CEL.NY.NT)
514 CALL SHFT (ES,NY.NT)
515 CALL SHFT (QNY.NT)
516 CALL CFOUR2(AQ.CW.NY.NT,-1.1.AWI.AW2)
517 CALL SHFT (AELNY .NT)
518 CALL SHFT (AES,NY,NT)
519 CALL SHFT (AO.NY,NT)
526 WRITE (4) ZVAL.AEL
521 WRITE (4) ZVAL.AES
522 WRITE (4) ZVALAQ
523 NWRT-NWRT+6
524 CALL SHFT (AEL.NY NT)525 CALL SHFT (AES.NY.NT)
526 IF (NT.GT.8) THEN
527 CLOSE (4)
528 CALL SAVE(IRRE.'DN'L.DTFL2D,'PDN'L.PDN2D.
529 1 'RESIDE-L. OFFLINE'L)
530 CALL RELEASE (IRRE.'DN'L.DTFL2D)
531 ENDIF
532 ELSE
533 WRITE (4) ZVAL.EL
534 WRITE (4) ZVAL.ES

a.535 WRITE (4) ZVAL,Q
536 NWRT-NWRT+3
537 ENDIF
538 ENDIF
539 CALL SECOND(SSTEP2)
540 C
541 C -SET TIMING DATA
542 C
543 SSTEP( IS)-SSTEP2-SSTEP1
544 SFE(IS)-SFE4-SFE3+SFE2-SFEI
545 SQ( IS)-SQ4-SQ3+SQ2-SO1
546 C
547 C - EXIT CONDITION: ZFINAL IS REACHED
548 IF (ZVAL.GE.ZFINAL) GO TO 510
549 500 CONTINUE
550 C
551 C - EXIT ROUTINES
552 C
553 510 CONTINUE

*554 C
555 C - SET STOT; RECORD CPU TIMING DATA
556 CALL SECOND(STOT2)
557 STOT-STOT2-STOT1
558 NWRT-NWRT+1
559 IF (NT.GT.8.AND.NYGT.8) THEN
560 WRITE 3f NWRT.ZVAL.STOT.SINIT,SSTEP.SFE.SQ
561 CLOSE3
562 CALL SAVE(IRRE.*DN'L.DTFL1.'PDN'L.PDN1.'RESIDE-L.0FFLINE-L)

*563 ELSE
564 WRITE (4) NWRT.ZYAL.STOT.SINIT.SSTEP,SFE.SQ
565 CLOSE (4)
566 CALL SAVE(IRRE.'DNL.DTFLD.PDN'LPDNID2RESIDEL.0OFFLINE'L)
567 ENDIF
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568 CALL EXIT(I)
569 END
576 C
571 C
572 C
573 C
574 C
575 SUBROUTINE DETQ(TRAT)
576 C
577 C THIS SUBROUTINE FIRST CALCULATES THE PUMP AND AND STOKES FIELDS IN
578 C THE COORDINATE SPACE FROM THEIR FOURIER SPACE REPRESENTATIONS.
579 C IT THEN DETERMINES THE MATERIAL EXCITATION (Q) IN THREE DIFFERENT
586 C PARAMETER REGIMES: 1) [F NT IS LESS THAN OR EQUAL TO 8. A SET OF
581 C 1-D STATIONARY CASES IS RUN. 2) IF MAX(ABS(T/TTWO)) < 10.0 AND
582 C NT > 8. A RUNNING SUM IS PERFORMED. 3) IF MAX(T/TTWO) > 16.0
583 C AND NT > 8, AN FFT APPROACH IS USED.
584 C
585 C -VARIABLES-
586 C
587 C TRAT - MAX(T/TTWO)
588 C
589 PARAMETER(NT-256.NY-256.NTHP-1+NT/2.NS.SeNY/2)
590 IMPLICIT COMPLEX(A-E.Q)
591 DIMENSION EL(NT.NY).ES(NT.NY).Q(NT,NY),AEL(NT.NY).AES(NT.NY).
592 1 AQ(NT.NY).AW(NT.NY.4),CW(NS).AWI(NY),AW2(NY):COMVEC(NT).CWQ(NT).
593 2 WQI(NT),WQ2(NT)

N 594 EQUIVALENCE (CWQ.WQ1),(CWQ(NTHP) W02)
595 COMMON/VARTWO/EL.ES.Q.AW1.AW2.CW.RKP.RKS
596 COMMON/VWORK/AEL.AES.AQ.AW.CWQ.COMVEC.RKAP1.RKAP2.TTWO.YFAC.RDT
597 C
598 DO 16 12-I.NY

% 599 DO 16 [3-I .NT
66 EL(13.12)-AEL(83.12)
6e1 ES 13.12) -AES(13.I2)
62 16 CONTINUE
63 IF (NY.GT.8) THEN
604 CALL CFOUR2(EL.CW.NY,NT.I.,AW1.AW2)
665 CALL CFOUR2 (ES.CW.NYNT.I.I.AW1,AW2)
666 ENDIF
667 IF (NT.LE.8) THEN
6e8 DO 26 12-1.NY
669 DO 26 13-1.NT
616 26 Q(13.I2).-(9.9.1.0),RKAP1*TTWOCONJG(ES(I3.I2))oEL(I3.I2)
611 ELSEIF (TRAT.LE.16.0) THEN
612 DO 30 121.NY
613 DO 36 13im2.NT
614 36 Q(I3,I2)tQ(I3-1.12)-(6.0.1.0)*RKAPI*RDT*CONJG(ES(13.I2))
615 1 *EL(63.12)*WQI(13)
616 Do 35 12-1.NY
617 DO 35 I3-1.NT
618 35 Q(13,12)-WQ2(13)*Q(I3.12)
619 ELSE
620 DO 46 12ml,NY
621 DO 40 13-I,NT
622 46 Q(13.12),CONJG(ES(13.12))*EL(13,12)
623 CALL INVERT(Q.AQ.NT.NY)
624 CALL CFOUR2(AQ.CWQ.NT.NY,1.1.AWI.AW2)
625 DO 45 ,3-1.NT

* 626 DO 45 12-1,NY
627 45 AQ(12.I3)-COMVEC(I3)*AO(12.I3)
628 CALL CFOUR2(AQCWQANT.NY,-1.1.AWI.AW2)
629 CALL INVERT(AQ.Q.NY.NT)

N 636 ENDIF

0
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631 IF (NY.GT.8) THEN
632 RI-YFAC*.2
633 DO 56 12-1,NY
634 DO 58 13-1.NT
635 56 O(I3.I2)-Rl.Q(I3.I2)
636 ENDIF 6
637 RETURN
638 END
639 C
640 C
641 C

N.642 C
643 C
644 SUBROUTINE DERIV(IFILL) 4
645 C
646 C THIS SUBROUTINE CALCULATES THE Z-DERIVATIVES OF THE PUMP AND STOKES
647 C FIELDS. THIS CALCULATION IS DONE IN KY-SPACE. THE LINEAR PORTION OF
648 C THE SECOND-ORDER-DERIVATIVE OPERATOR HAS A FINITE STEP CORRECTION

1.649 C (CONTAINED IN CYVEC) SO THAT THE LINEAR CONTRIBUTION IS EXACT.
656 C
651 C -VARIABLES-
652 C
653 C IFILL -DERIVATIVE NUMBER
654 C -1: INITIAL STEP

*655 C -2: MID-POINT STEP
656 C
657 PARAMETER(NT-256 .NY-256.NS-5*NY/2)
658 IMPLICIT COMPLEX(A-E.Q)
659 DIMENSION EL(NT.NY) ES(NT.NY) .Q(NT.NY).AEL(NT.NY).AES(NT.NY),
666 1 AQ(NT.NY).AW(NT.NY.4),CNS .AWl (NY).AW2(NY),COMVEC(NT).CWQ(NT)
661 COMMON/VARTWO EL.ES.Q.AW1.AW2.CW, RP.RKS
662 COMN/VWORK/AEL.AES.AQ.AW.CWQ,COMVECRKAP1 .RKAP2,TTWO.YFAC.RDT
663 C
664 C1-(e.o,1.o);(RKP/RKS).RKAP2
665 IF (NY.GT.8) Cl-Cl/NY
666 DO 16 12-1.NY
667 DO 16 13-1.NT
668 16 AQ(I3.I2)-C1.Q(I3,I2)*ES(13.12)
669 IF (NY.GT.8) CALL CFOUR2(AQ.CW.NYNT.-1,1,AWI.AW2)
670 IV-2.IFILL-1
671 DO 26 12-i .NY
672 DO 26 13-l.NT
673 26 AW(13.12.IV) AQ(13.I2)
674 Cl-(90.1.9).RKAP2
675 IF (NY.GT.8) Cl-Cl/NY
676 DO 30 12-I .NY
677 DO 30 13-1.NT
678 36 AQ(13,12)-CI.CONJG(Q(I3.I2))*EL(I3.I2)
679 IF (NY.GT.8) CALL CFOUR2(AQCW.NY.NT.-l.l.AWl.AW2)

*686 IV-2*IFILL
681 DO 46 12-I .NY
682 DO 46 13-i .NT
663 40 AW(13.12.IV)-AQ(13.12)
684 RETURN

V685 END
* -686 C

687 C
688 C

*689 C
690eg SUBROUTINE SHFT(FDATA.NF.NV)
691 C
692 C THIS SUBROUTINE SHIFTS THE FOURIER DATA SO THAT ZERO FREQUENCY IS AT
693 C THE 1+NF/2 LOCATION (THE CENTER OF THE ARRAY)
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694 C
695 DIMENSION FDATA(2.NV.NF)
696 NFH-NF/2
697 DO 196 12-1,NFH
698 DO 166 13-i .2.NV
699 TEMP-FDATA(I3. 12)
766 FDATA( 13 12)-FDATA(13.12+NFH)
761 FDATA (13.12+NFH)-TEMP
702 106 CONTINUE
763 RETURN
764 END
765 C
766 C
767 C
768 C
769 SUBROUTINE INVERT(EDATA.EWORK.NF,NV)
716 C
711 C THIS SUBROUTINE INVERTS THE INNER AND OUTER ARRAY VARIABLES
712 C
713 COMPLEX EDATA(NF NV) ,EWORK(NV,NF)
714 IF (NF.LE.1.OR.NY.LE.1) RETURN
715 DO 50 I3-I .NF
716 DO 50 12-I .NV
717 EWORK(I2,13)-EDATA(13.I2)

*718 56 CONTINUE
719 RETURN
726 END
721 C
722 C
723 C
724 C

40725 SUBROUTINE INlT(ICOND)
726 C
727 C THIS SUBROUTINE DETERMINES THE INITIAL PROFILES FOR THE STOKES AND
728 C PUMP WAVES. MOST VARIABLES ARE DECLARED IN THE MAIN ROUTINE.
729 C
736 C -VARIABLES-
731 C
732 C ICOND -1: DOUBLE-SECH PROFILE
733 C 2: SECH*.2-HYPERGAUSSIAN PROFILE WITH STOKES ASYMMETRY
734 C IN TIME AND IMPOSED CHIRP
735 C 3: 1-D TRANSIENT PROFILES: TYPE DETERMINED BY ITYPE
736 C ITYPE - 1: SECH..N PROFILES
737 C 2: RECTANGULAR PROFILES
738 C 3: LORENTZIAN..N PROFILES
739 C 4: EXP(IATI**N) PROFILES
746 C 4: STATIONARY HYPERGAUSSIAN PROFILES WITH PUMP
741 C ABERRATION INCLUDED
742 C

* 743 PARAMETER (NT-256, NY-256 ,NP-1 6.NYH-NY/2.NYHP-NYH+ , NS-5.NY/2)
744 IMPLICIT COMLEX(A-E,Q)
745 DIMENSION EL(NTNY).ES(NT.NY).Q(NT,NY).CW(NS).AWI(NY),AW2(NY).
746 1 YSTOR1 (NY) .YSTOR2(NY)*Ys'"!JY) TSTORE(NT).TSC NTj ,PHL(NP)
747 2 YW[DTH(NP) .TW[DTH(NP) YO0jth5 .OFIFNP) lRP(NP ,ITYPE(85.
748 3 RTYPE(8),RABAMP(8).R9SLIM(8).YM2)jTM(2)
749 COMMON/VINIT/NPUMP.YM.TM.ZiNT. YOFF.TOF .YWIDTHTWIDTH.YOST.TOST.
756 1 YWST.TWST.RAMPRAST.RAMASM.RALASM.NHYP.PHL.PHST,TOC.ITYPE.RTYPE,
751 2 RASAMP.RDSLIM

* 752 COMMON/VARTWO/EL.ES O.AWI .AW2.CW.RKP.RKS
753 DATA P1/3.1 4159265358979/.S02/1 .41421356237369/.
754 2 SQ4/1 .18926711566272/.RAL2/0.693147180559945/-,
755 3 S016/3.16227766016838/.SQ12/3.46416161513775/
756 C
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757 IF (ICOND.LT.I.OR.ICOND.GT.4) THEN
758 WRITE (59.5)
759 5 FORMAT(' ONLY TYPES 1.2.3 AND 4 ARE INITIALIZED')
760 CALL EXIT(l)
761 ENDIF
762 C
763 C - INITIALIZE VARIABLE ARRAYS
764 DO 8 12-1,NY
765 DO 8 13-INT
766 EL(13,12)-(6.B,0.)
767 ES (13.12)- 0.6.0.)
768 Q(I3,i2)-(6.0.e.6)
769 8 CONTINUE
776 IF (ICOND.NE.3.AND.NY.LE.8) THEN
771 WRITE (59,10)
772 16 FORMAT(' ICOND MUST EQUAL 3 IN 1-0 TRANSIENT RUNS (NY - 8 OR'.
773 1 . LESS):'/.' ICOND IS RESET TO 3*)
774 ICOND-3
775 ENDIF
776 IF (ICOND.NE.4.AND.NT.LE.8) THEN
777 WRITE (59,12)
778 12 FORMAT(' ICOND MUST EQUAL 4 IN STATIONARY RUNS (NT 8 OR'.
779 1 . LESS):'/.' ICOND IS RESET TO 4') '
780 ICOND-4
781 ENDIF
782 IF (ICOND.EQ.3) GO TO 216
783 C
784 C - INITIALIZE Y-QUANTITIES
785 IF (ABS(YM(2)+YM(1)).GT.l.OE-06) WRITE (59.14)
786 14 FORMAT(' YM(2) MUST EQUAL -YM(1)')
787 YM(2)-YM(1)
788 RDY-(YM(2)-YM(1))/NY
789 00 16 12-1.W4
790 16 YSTOR2(12)-RDY,(I2-1)
791 DO 18 I2-NYHPNY
792 18 YSTOR2(I2)-RDY*(12-1-NY)
793 IF (ICOND.EQ.4) GO TO 316
794 C
795 RDT-(TM(2)-TM(1))/NT
796 IF (ICOND.EQ.2) GO TO 110
797 RFAS!2.9*ALOG(1 .64.5Q2)
798 C
799 C
80 C - DOUBLE-SECH PROFILE
86l C
862 C
863 C - DETERMINE PUMP FACTORS
864 DO 56 11-1.NPUMP
865 ALPHA-,.-(.S.I.6).YOFF(II)*RKP/ZINT
866 YFAC-RFAC/YWIDTH(II)
867 TFAC-RFAC/TWIDTH(II)
se8 DO 26 12-I.NY
869 YI-YSTOR2(12)
810 YV-EXP(YFAC*(Y1-YOFF(I1)))
811 YSTORI(12)-(1.6/(YV+I./YV))
612 20 CONTINUE
813 T1-TM(I)-TOFF(II)
814 DO 36 13-I.NT
815 TV-EXP(TFAC*(TI+RDT*(13-1)))
816 TSTORE(I3)-4.6,RAMP(I1)/( V+1.0/TV)
817 36 CONTINUE
818 DO 56 12-1.NY
819 CI-CEXP(ALPHA*YSTOR2(12))
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820 DO 56 13-i .NT
821 EL(I3.12)-EL(I3.12)+YSTOR1(I2)STSTORE(13).CI
822 56 CONTINUE
823 C
824 C - DETERMINE STOKES FACTORS
825 ALPHA--(60.I .0)*YOST*RKS/ZINT
826 YFAC-RFAC/YWST
827 DO 70 12-i .NY
828 Y1-YSTOR2(I2)
829 YV-EXP (YFAC*(Yl-YOST))
850 YSTOR1 (12)-( 1.0/(YV+1.0/YV))
831 70 CONTINUE
832 TI-TM(1)-TOST

*833 DO 86 13-1.NT
834 TV-EXP(TFAC*(T1+RDT* 13-1)))
8.35 TSTORE ( 3)-4.6.RAST/ (TV+ .0/Tv)
856 86 CONTINUE
857 DO 166 12-1.NY
858 CI-CEXP(ALPHA.YSTOR2( 12))
859 DO 166 13-1,NT
840 ES(13,12)-YSTORI(12)*TSTORE(13)*CI
841 166 CONTINUE
842 R ETURN
843 C
844 C
845 C - SECH**2-HYPERGAUSSIAN PROFILE WITH ASYMMETRIC STOKES WAVE
846 C
847 110 CONTINUE
848 RFACY-2.6..(NHYP-1 )*RAL2
849 RFACT-2.6.ALOG(SQ44SQRT(SQ2-1 .0))
856 C
851 C - DETERMINE PUMP FACTORS
852 DO 156 11-1.NPUMP
853 ALPHA-(90..0.).YOFF(Il).RKP/ZINT
854 YFAC-RFACY/YWIDTH(11 ) .NHYP
855 TFAC-RFACT/TWIDTH (II
856 DO 126 12-1.NY
857 YSTOR1 (I2)-EXP(-YFAC*(YSTOR2(12)-YOFF(I1))..NHYP)
858 120 CONTINUE

*859 TI-TM(l)-TOFF(I1)
866 DO 130 13-1,NT
861 TV-EXP (TFAC*(TI+RDT;(13-i )))-
862 TSTORE(I3)-4.0/(TV+1 ./TV)**2
863 136 CONTINUE
864 DO 156 12-1.NY
865 DO 156 13-1,NT
866 Ri-YSTORI(12)*TSTORE(13)
867 EL(13,I2)-EL(I3,I2)+RAMP(11).R1.CEXP((6.0.1.0).PHL(I1).Rl..2
868 1 + ALPHA'.YSTOR2(I2i)
869 150 CONTINUE
876 C
871 C -DETERMINE STOKES CHIRP FACTORS
872 C AT PRESENT. TWC-TWIDTH(l). YWC-YWIDTH(1)
873 TWC-TWIDTH(1)
874 YWC-YWIDTH(1)
875 YFAC-RFACY/YWC**NHYP

~t. 76 TFAC-RFACT/TWC
877 DO 166 12-1.NY
878 YSC(12)-EXP(-YFAC.YSTOR2(12)..NHYP)
879 166 CONTINUE
880 TlmTM(1 )-TOST-TOC:
881 DO 165 13-1,NT
882 TV-EXP(TFAC*(T1+RDT.(13-1)))
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883 TSC(13)-4.0/(TV+1.S/Tv)..2
684 165 CONTINUE
885 C
886 C - DETERMINE STOKES FACTORS
887 ALPHA-(9.8.1 .6)*YOST*RKS/ZINT
888 YFAC-RFACY/YWST. eNHYP
889 TFAC-RFACT/TWST
890 DO 176 12-I .NY
891 YSTOR1 (12)-EXP(-YFAC*(YSTOR2(12)-YOST)..NHYP)
892 170 CONTINUE
893 DO 186 13-I.NT
894 T1-TM(l)+RDT.(I3-l)-Tosr
895 C
896 C - SET STOKES ASYMMETRY
897 TV-EXP (-TFAC'.RALASM*TI)
898 Ti-TlI. +RAUASM.TV/(TV+1 .6/Tv))
899 TV-EXP (TFAC.Tl)
g66 TSTORE( 13)-4.6/(TV+1.6/TV)*.2
96l 180 CONTINUE
962 DO 196 12-1.NY
963 DO 196 13-I .NT
964 RI-YSTORl(I2).TSTORE(I3%0

*965 R2-YSC(I2).TSC(13)
966 ES(13.12)-RAST*RI*CEXP((9.0.1 .0)*PHST*R2**2
967 1 +ALPAYSTOR2(12))

-. 968 196 CONTINUE
969 RETURN

A.;.916 C
911 C
912 C - ONE-DIMENSIONAL TRANSIENT CASES (NO Y-VARIATION)

914 21 CONTINUE
915 IF (NY.GT 8) THEN
916 WRITE (59.212)917 212 FORMA T( IN TRANSIENT STUDIES, ONLY UP TO 8 CASES CAN BE KEPT-)
918 CALL EXIT(1)4'919 ENDIF

* ~'926 RDT-(TM(2)-TM(l))/NT
921 C
922 C - LOOP OVER CASES
923 C
924 DO 296 Il-i ,NY
925 C
926 C -SECH PROFILE
927 C
928 IF (ITYPE(I1).EQ.1) THEN
929 R2-1.8/RTYPE( II)

- -936 R1-6.5.R2
931 RFACT-2.6.ALOG(EXP(RI.RAL2)+SQRT(EXP(R2.RAL2)-I .6))
932 C
933 C - DETERMINE PUMP PROFILE
934 TFAC-RFACT/TWIDTH(Il)
935 TI-TM(I )-TOFF( 11)
936 DO 215 13-1.NT
937 TV-EXP(TFAC.(TI+ROT*(I3-1)))
938 TV-2.6/(TV+I.6/TV)
939 TV-EXP(RTYPC(Il)sALOG(TV))
946 EL(13 I1)-RAMP(II).TV*CEXP((6.0,1.6).PHL(11).TV..2)
941 215 CONTINUE
942 C
943 C - DETERMINE STOKES CHIRP FACTOR
944 TWC-TWIDTH 1)

A945 TFAC-RFACT5 TWC
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946 Tl-TM(l)-TOST-TOC
'~1947 DO 220 13-i .NT

948 TV-EXP (TFAC*(Tl+RDT*(13-I)))
949 TV-2.6/(TV+l .0/Tv)
956 TSC(13)-EXP(RTYPE(11)*ALOG(TV))

*951 226 CONTINUE
952 C
953 C - DETERMINE STOKES PROFILE
954 TFAC-RFACT/TWST
955 DO 225 13-I .NT
956 TI-TM(l)+RDT*(13-1)-TOST
957 TV-EXP (-TFAC*RALASU.TI)
956 TI-TI. (I.64RAMASM*TV/(1V+1 .6/TV))
959 TV-EXP (TFAC.TI)
966 TV-2.8/(TV.1 .6/TV)
961 TV EXP (RTYPE(Il).ALOG(TV))
952 ES(13. I I-RAST*TV CEXP((6.9.1.9).PHST*TSC(13)..2)
963 225 CONTINUE
964 C
965 C - RECTANGULAR PROFILE (ASSYMETRY AND CHIRP ARE IGNORED)
966 C
967 ELSEIF (ITYPE(Il).EQ.2) THEN
966 C

4;-m969 C - DETERMINE PUMP PROFILE
T 976 IMIN-NINT((TOFF(Il)-TM(l)-6.5.TWIDTH(i))/RDT) +1I

971 IF (IMIN.WLT.) IMIN-I
972 IMAX-NINT((TOFF(Il)-TM( I)4..5.TWIDTH(li))/RDT) + I
973 IF (IMAX.GT.NT) IMAX-NT
974 DO 230 13-IMIN IMAX
975 236 EL(13.1i)-RAMP(iI)
976 C
977 C - DETERMINE STOKES PROFILE
978 IMIN-NINT( (TOST-TM(1)-eS.TVIST)/RDT) + 1
979 IF (IMIN.L1.1) IMINmI
986 IMAX-NINT( (TOST-TM(1)4.6.5.TWST)/RDT) + I
981 IF (IMAX.GT .NT) IMAX-NT
982 DO 235 13-IMINIMAX
963 235 ES(13.1l)-RAST
984 C
985 C - LORENTZIAN PROFILE
986 C
987 ELSEIF (ITYPE( II).EQ.3) THEN
988 RFACT-2.0.SQR1(EXP((6.5/RTYPE(Il)).RAL2)-l.6)
989 C
996 C - DETERMINE PUMP PROFILE
991 TFAC-RFACT/TWIDTH(I1)
992 TI-TM(l)-TOFF(Ii)
993 DO 240 13-1, NT
994 TV=-T14RDT.(13-1)

* 995 TV-I.9/ l. S+(TFAC.TV)*.2)
996 TVEX (RYE II);ALOG (TV)
997 EL(13. II)-RAMP(I )*TV.CEXP((6.0,1.6).PHL(Il).TV..2)
998 246 CONTINUE
999 C
1666 C - DETERMINE STOKES CHIRP FACTOR
1661 TWC-TWIDTH (1)

*1662 TFAC-RFACT/TWC
1663 TI-TM(l )TOST-TOC

*1664 DO 245 13-I.NT
1665 TV-T1+RDT.(13-1)
1066 TV-I .M/l 9+(TFAC.TV) '.2)
1667 TSC(i3)-EXP(RTYPE(Il ) ALOG(TV))
1668 245 CONTINUE

59



RAM2D1 (version 0)

100 - DETERMINE STOKES PROFILE

1o11 TFAC-RFACT/TWST
1012 DO 250 13-I ,NT
1613 Tl-TM(1)+RDT*(I3-1)-TOST
1014 TV-EXP (-TFAC.RALASM.TI)
1015 TI-Ti. ( .0+RAMASM.TV/(TV+1 .0/TV))
1016 Tv-I.e /C1.0+(TFAC.Tl)..2)
1017 TV-EXP1(RTYPE( Il)*ALOG(TV))
1018 ES(13,11)-RAST*TV.CEXP((0.0.1.0).PHST.TSC(13)..2)
1019 250 CONTINUE
1620 C
1021 C - EXPONENTIAL PROFILE (EXPONENT IS TAKEN TO THE POWER RTYPE(II))

A1622 C
1023 ELSEIF (ITYPE(I1).EQ.4) THEN
1024 RFACT-2.0.EXP((I .0/RTYPE(lI)).ALOG(0.5.RAL2))
1025 C
1026 C - DETERMINE PUMP PROFILE
1027 TFAC-RFACT/TWIDTH(Il)
1028 T1-TM(l)-TOFF(I1)

V 1029 DO 255 I3-i .NT
1030 TV-ABS(TFAC. (T1+RDT.(I3-1)))+1.OE-10

K' 1031 TV-EXP(-EXP( RTYPE(Il).ALOG (TV)))
1032 EL(13.I1)-RMP(Il)T.EP W8..1.0)*PHL(I1)*TV**2) z

*1033 255 CONTINUE
1034 C
1035 C - DETERMINE STOKES CHIRP FACTOR
1036 TWC-TWIDTH(1)
1037 TFAC-RFACT/TWC
1038 T1-TM(i)-TOST-TOC
1039 DO 260 I3-i .NT
1040 TV-ABS(TFAC.(T1+RDT.(I3-1 ) )41.OE-10
1641 TSC(13)-EXP(-EXP(RTYEI ) ALOG (TV)))
1042 260 CONTINUE

A1043 C
A-,1044 C - DETERMINE STOKES PROFILE

1045 TFAC-RFACT/TWST
1046 DO 265 13-i ,NTI
1047 TI-TM(1 )+RDT.(13-1 )-TOST+1 gE-is

A 1048 TV-EXP (-TFAC*RALASM*T1)
1049 Ti-Ti*(. Ci+RAMASM* TV/(TV+i.0/TV))
1050 TV-EXP(-EXP(RTYPE(Ii .ALOO(ABS(TFAC.Ti))))
1051 ES(13,1I i-RAST.TV.CEXP((0.0.1.0).PHST.TSC(I3)*.2)
1052 265 CONTINUE
1053 C
1054 C - ERROR
1055 C

1456 ELSE
1057 WRITE (59,270) Ii.ITYPE(II)
1058 270 FORMAT('* ONLY TRANSIENT TYPES 1-4 ARE INITIALIZED'/.
1059 1 * ON PUMP NO.'.14.. TYPE NO. -'.14)
1060 ENOIF
1061 290 CONTINUE

*1062 RETURN
1063 C
1064 C
1065 C - STATIONARY CASE (NO T-VARIATION)
1066 C (AT PRESENT THE DISPERSION LIMIT IS SET WITH RESPECT TO YWIDTH(i))

*1067 C
1068 310 CONTINUE
1069 RFACY-2.0..(NHYP-1).RAL2
1070 RFACK;(0.125.YWIDTH(I)..2/(EXP((2.9/NHYP)*ALOG(RAL2))))
1071 1 .(2.0.PI/(NY.RDY))..2
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1072 2
1673 C - DETERMINE PUMP FACTORS
1674 DO 326 Ilml.NPUMP
1875 ALPHA-(0.6.1.0).YOFF(11).RKP/ZINT
1676 YFAC-RFACY/YWIDTH(I1 )..NHYP
1077 00 315 12-1.NY

;61078 YSTORI12)-EXP(-YFAC.(YSTOR2(I2)-YOFF(I))..NHYP)
1679 315 CONTINUE
1686 DO 320 13-I .NT
1681 DO 320 12-l.NY
1682 EL(13.12)-EL(I3,12)+RAMP(II)SYSTORI(I2)*CEXP(ALPHA*YSTOR2(I2))
1683 320 CONTINUE
1084 C
1685 C - DETERMINE RANDOMIZING FACTORS
1686 C
1687 DO 356 13-1.NT
1688 IF (RDSLIM(13).LT.1.1) GO TO 356
1689 RKFAC-RFACK/(2.6.RDSLIM(I3)..2-I .6)
1696 C
1691 C - PHASE FACTORS
1692 DO 322 12-I1,NY
1693 322 AWI(12)-CEXP((8.0,1.6))*2.6*PI*RANF(1))
1694 CALL CFFT2(6.1.NY.AWICW.AW2)
1695 DO 326 12-i .NYH

*1696 AW2 C12)-EXP(-RKFAC. C 2-1l)..2).AW2( 1 2)+
1697 AW2 (NYH+12)-EXP(-RKFAC (NYH-12+l)**fl*AW2(NYHI2
1698 326 CONTINUE
1699 CALL CFFT2(6.-1,NY.AW2,CW.AWI)
1106 DO 330 12-1.NY
11011 RI-CABS(AWI(12))
1102 IF (RI .GT.1.0E-16))AWItI2)-AWI(I2)/Rl
1103 336 EL(I3.12)-EL(I3.12).AWl(12)
1104 C
1105 C - AMPLITUDE FACTORS
1q06 IF (RABAMP(13).LT.6.01) GO TO 356
1107 DO 332 12-1.NY
1108 332 AWI(12)-5.0
1109 DO 334 J2-1.10
1110 DO 334 12-I .NY
1111 334 AWI(I2)-AW1(12)+RANF(1)
1112 RI-e.g
1113 DO 335 12-1 .NY
1114 335 R1-RI+AWI12l).AWI(12)
1115 CALL CFFT2(S.1.NY.AWI,CW.AW2)
1116 DO 336 12-I,NYH
1117 AW2' I2)-EXP(-RKFAC .(I2-*2-)*2)*A2(2(
1118 AW2 Y12-X(RFCNY121*2AW(H1)
1119 336 CONT INUE
1126 CALL CFFT2(0.-1.NY.AW2.CW.AWI)
1121 R2-8.0
1122 DO 337 12-I ,NY
1123 AWI(12)-AWI(12)/NY
1124 337 R2-R2+AW1(I2).AI(2
1125 RI-SQRT(RI/R2). RABAMP( 13) .SQ12/SQ1G
1126 R2-1.0-RABAMP 13)
1127 DO 346 12-1.NY
1128 340 EL(13.12)-EL(I3.12).(R24R1.AWI(I2))

.1"1129 350 CONTINUE
*1130 C

1131 C - DETERMINE STOKES PROFILE
1132 ALPHA-(9.S.1 .9)*YOST*RKS/ZINT
1133 YFAC-RFACY/YWST*.NHYP
1134 DO 376 12-1.NY
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1135 YSTOR1(12)-EXP(-YFAC.(YSTOR2(12)-YOST)*NHYP)
1136 370 CONTINUE
1137 DO 390 13-I.NT
1138 DO 396 12-1,NY
1139 ES(13.12)-RAST.YSTORI(12)*CEXP(ALPHAYSTOR2(12))
1149 396 CONTINUE
1141 RETURN

% 1142 C
% 1143 END

1144 C
1145 C
1146 C
1147 C
1148 SUBROUTINE CFOUR2(FDATA.RWORK.NF,NVISIGN.ITYPE.RW1.RW2)
1149 C
1156 C THIS SUBROUTINE WAS WRITTEN BY CURTIS R. MENYUK 11/86. IT
1151 C CALCULATES THE FOURIER TRANSFORM OF A SET OF VECTORS STORED IN A TWO-
1152 C DIMENSIONAL ARRAY. THE ROUTINE TRANSFORMS OVER THE OUTER VARIABLE
1153 C (SLOWLY VARYING) AND VECTORIZES OVER THE INNER VARIABLE (RAPIDLY
1154 C VARYING). THE ALGORITHM USED IS DESCRIBED IN NUMERICAL RECIPES
1155 C BY PRESS. ET AL.. CHAP. 12. THE ROUTINE HERE IS BASED ON FOURI.
1156 C -I
1157 C MODIFIED 5/87:
1158 C IF NV-8 OR LESS THIS SUBROUTINE USES THE OMNILIB ROUTINE CFFT2
1159 C TO CARRY OUT THE FOURIER TRANSFORM SERIALLY.
1160 C
1161 C -VARIABLES-
1162 C

% 1163 C FDATA - DATA ARRAY. IN THIS PROGRAM. IT IS TREATED AS A REAL
- 1164 C ARRAY WITH 2*NV X NF ELEMENTS. THE CORRESPONDING

1165 C COMPLEX ARRAY HAS NV X NF ELEMENTS.
1166 C RWORK - WORK ARRAY WHERE THE NEEDED COSINES AND SINES ARE STORED.
1167 C IT HAS 2*(NF-1) ELEMENTS
1168 C NF - THE OUTER DIMENSION OVER WHICH THE ROUTINE TRANSFORMS
1169 C NV - THE INNER DIMENSION OVER WHICH THE PROGRAM VECTORIZES
1170 C ISIGN - SIGN OF THE FOURIER TRANSFORM
1171 C ITYPE - 6: INITIALIZE THE WORK ARRAY (NF IS THE ONLY SIGNIFICANT
1172 C PARAMETER; NV AND ISIGN ARE IGNORED)
1173 C 1: CARRY OUT THE FOURIER TRANSFORM
1174 C RWl.RW2 - WORK ARRAYS WITH 2*NF ELEMENTS USED BY CFFT2
1175 C (INACTIVE WHEN NV > 8)
1176 C ICR.ICI - REFERENCES TO THE WORK ARRAY
1177 C MMAX - SUMMATION SEPARATION IN THE DANIELSON-LANCZOS ROUTINE
1178 C
1179 DATA TWOPI/6.28318530717959/
1186 DIMENSION FDATA(2,NVNF),RWORK(5*NF/2).RWI(2,NF),RW2(2,NF)
1181 IER-1
1182 IF (ITYPE.EQ.6) GO TO 100
1183 IF ITYPE.NE.1) THEN
1184 C
1185 C - ERROR CHECK
1186 IER-1
1187 RETURN
1186 ENDIF
1189 C
1196 C - IF NV - 8 OR LESS. CALCULATE FOURIER TRANSFORM SERIALLY
1191 C
1192 IF (NV.LE.8) THEN
1193 DO 20 13-1,NV
1194 DO 16 12-1.NF
1195 RWI(2*12)-FDATA(2*13,12)
1196 RWI(2*I2-1)-FDATA(2*I3-1.12)
1197 le CONTINUE

6
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1198 CALL CFFT2(0.ISIGN.NF'.RWI.RWORK.RW2)
1199 DO 26 12-i .NF
1260 FDATA(2:I3.12)3RW2(2*I2)
1201 FDATA(2.13-1.12)'.RW2(2*12-l)
1262 20 CONTINUE
1263 RETURN
1204 ENDIF
1205 C
1266 C -NV> 8
1267 C
1268 C - BIT REVERSAL ROUTINE
1269 C
1216 J-1
1211 DO 166 I-i NF
1212 IF (J.GT.I) THEN
1213 DO 46 II-1.2*NV

41214 TEMP-FDATA(I1.J)
.41215 FDATA(I1.J )-FDATA(I1,I)

1216 FDATA(IlI )-TEMP
1217 46 CONTINUE
1218 ENDIF
1219 M-NF/2
1226 56 CONTINUE
1221 IF ((M.GE.1).AND.(J.GT.M)) THEN

*1222 J-J-U
1223 M-M/2
1224 GO TO 56
1225 ENDIF
1226 J-J+M
1227 166 CONTINUE
1228 C
1229 C - DANIELSON-LANCZOS ROUTINE. THE FOURIER DATA IS RECOMBINED.
1236 C
1231 MMAX-1
1232 ICR-1
1233 ICI-2
1234 FSIGN-FLOAT(ISIGN)
1235 126 CONTINUE

N1236 IF (NF.GT.MMAX) THEN
1237 ISTEP-2*MMAX
1238 DO 266 m-1.mAx
1239 DO 186 I-M.NF.ISTEP
1246 J-I+MMAX

1241 DO 180 IRIC2.NV.2 I1.J)-FSIGN.RWORK(ICI).FDATA(11+1 J)
1243 TEMPI-RWORK( ICR).FDATA I1+1.J)+FSIGN*RWORK(ICI)*FDATA(I1.J)
1244 FOATAI I.J)-FDATA( I1.l)-TEUPR
1245 FDATA I1.J)ruATA,.1.-1)-TEMPI
1246 FDATA 11. .mFDATA(I1 . )+TEMPR
1247 FDATA 11+1.I)-FDATACII+1,I)+TEMPI
1248 186 CONTINUE
1249 ICR-ICR+2
1256 ICI-ICI+2
1251 266 CONTINUE
1252 MMAX-ISTEP
1253 GO TO 126
1254 ENDIF
1255 RETURN

*1256 C
1257 C
1258 C - ENTER THE INITIALIZATION ROUTINE
1259 C
1266 100 CONTINUE

63
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1261 C
1262 C - IF NV - 8 OR LESS
1263 C
1264 IF (NV.LE.8) THEN
1265 CALL CFFT2(1,1,NF.RWl.RWORK.RW2)
1266 RETURN
1267 ENDIF
1268 C
1269 C IF NV > 8
1276 C
1271 MMAX-I
1272 ICR-1 Wd

1273 ICI-2
1274 1120 CONTINUE
1275 IF (NF.GT.MMAX) THEN
1276 LSTEP-2eMMAX
1277 THETA-TWOPI/ISTEP
1278 WPR'-2.e.SIN(S.5*THETA)**2
1279 WPI-SIN(THETA)
128 WR-1.8
1281 WI-e.e
1282 DO 1266 M-1.MMAX
1283 RWORK(ICR),WR
1284 RWORK(ICI)-WI
1285 ICR-ICR+2
1286 ICI-ICI+2
1287 TEMP-WR
1288 WR-WR*WPR-WI WPI+WR
1289 WImWI*WPR+TEMP*WPI+WI
1296 126 CONTINUE
1291 MWAX-ISTEP
1292 GO TO 1126
1293 ENDIF
1294 RETURN
1295 END

'

.64

4.

4.



PRAMI (version CD)

I PROGRAM PRAMICD
2 c
3 c

"I4 C This program was written by Godehard Hilfer (3/87). It generates

5 C contour and cross sectional plot* from the data generated by the
6 C transient RAMAN amplifier code RAM2D1 written by Prof. Curtis R.
7 C Monyuk. To execute this program it has to be linked to the
8 C DISSPLA graphics package.
9 c

10 C This is version CD which Is adapted for the Central Computing
11 C Facility Cray computer at the Naval Research Laboratory (Fall
12 C 1987). This version reads a record at a time and processes the
13 C field data contained in It. The field data of the next record
14 C that is being read over-writes the previous data In memory such
15 C as to minimize the memory requirements and to accommodate largo
16 C dimensional field data arrays. This process entails large Input/
17 C Output transfer costs. Whenever possible, hence, version C should
18 C be used which stores all field data of one z-location. This is
19 C recommended particularly for one-dimensional transient (ny < 9)
20 C operation of the code.S21 c

22 C The program has the following structure:
23 c
24 CI
25 C F... NPRAMI
26 C input data file Input parameter file

J6 27 C
28 C
29 C
36 C
31 C
32 C
33 C PRAM1
34 C (this program)
35 C
36 C
37 C
3a C Main part39 C- - - - - - - - - - - - - -

46 C
41 C
42 C
43 C
44 C
45 C

46 C
* 47 C .... I cntr I , crssct I

48 C
.49 C%: 
50 C51 C ------ nysxis-- - - - ---
52 C I
53 C powbas
54 C

'A55 C
* 56 C -------- xisFFT-- -----------

57 C
58 C
59 C mycon
60 C
61 C
62 C
63 C

65
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64 C
65 C
66 C PLT2.PLT .
67 C graphics output file
68 C
69 c
70 C The program starts by setting default values for the graphics output
71 C parameters as specified in the data statements. These default values
72 C are updated by the values in the input file NWRAM1 which allows
73 C format-free input through the two namellsts condat and zplot. The
74 C updated set is then written, depending on the value of the flag
75 C parameters lprmt. onto the first 4 graphics frames in the output file
76 C F3RAM9X. The value of lprmt(n) should be equal to I if the nth
77 C page of parameter output is desired, and equal to 0 if not
78 a
79 C Several constants are precalculated before the large DO-loop 560
80 C reads through and plots the data in file F... . Among these constants
81 C ors the end values and Interval sizes for the frequently plated y
82 C and t coordinate axes.
83 c84 C The following ma In port of this program acquires the electric field

85 C data from the input data file F... by reading sequentially the i-th
86 C record specified by the value I of the consecutive elements of the
87 C vector kz. These amplitude data are converted into intensity data
88 C if necessary and then handed through the arrays srf and srfi to the
89 C subroutine cntr (for contour plotting) and to the subroutine crosct
96 C (for cross sectional plots). The sequence of the resulting plots is
91 C as follows:
92 C I contours pump intensity
93 C I sections pump Intensity
94 C 2 sections pump phase
95 C 3 sections pump amplitude (real/imag)
96 C I1 contours pump FFT intensity
97 C 4 sections pump FFT Intensity
98 C 5 sections pump FFT phase
99 C 6 sections pump FFT amplitude (real/imag)

10, C III contours Stokes Intensity
101 C 7 sections Stokes intensity -
102 C 8 sections Stokes phase
103 C 9 sections Stokes amplitude (real/imag)
164 C IV contours Stokes FFT intensity
165 C 19 sections Stokes FFT intensity
166 C 11 sections Stokes FFT phase
107 C 12 sections Stokes FFT amplitude (real/imag)
1.re8 C V contours mat. exct. intensity
169 C 13 sections mat. exct. intensity
11e C 14 sections mat. exct. phase
111 C 15 sections mat. exct. amplitude (real/imag)
112 C VI contours mat. exct. FFT intensity
113 C 16 sections mat. exct. FFT intensity
114 C 17 sections mat. exct. FFT phase
115 C 18 sections mat. exct. FFT amplitude (real/imag)
116 C VII contours pump and Stokes intensity
117 C 19 sections sum of pump and Stokes intensity
118 C VIII contours pump and Stokes FFT intensity

* 119 c
120 C The roman numerals tell which element of the vector Isrf Is the
121 C flag that determines if that particular contour plot will be done
122 C or skipped:
123 C isrf (n) - 6 plot skipped
124 C isrf n - 1 plot drawn with labeled contours
125 C isrf n -1 plot drawn; no labels on contours
126 C The arabiC numerals of the sections indicate the row of the complex
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127 C array casC whith which this section is associated. The column number
128 C (second index) of the elements of cseC numbers the cross sectional
129 C plots of that particular surface. A maximum of neeC (< 9) cross
136 C sections of each surface can be drawn. The imaginary part of the
131 C elements of cesC determines: if -6.6 that this sectional plot is
132 C not requested
133 C if -1.6 that this is a cross section parallel to the y-axis
134 C of the surface under question at a fixed x-value as
135 C given in real units by the real part of the

• 136 C element of csec; i.e. the first index of the
137 C data array(s) srf(i) is being held constant for this
138 C plot at the value IseC which is the grid point that
139 C corresponds best to the fixed x-value;
146 C if -2.6 that this is a cross section parallel to the x-axle
141 C of the surface under question at a fixed y-value as
142 C given in real units by the real part of the element
143 C of cseC in question; i.e. the second index of the

% 144 C data array(s) srf(i) is being held constant for this
% 145 C plot at the value iseC which Is the grid point that
% 146 C corresponds best to the fixed y-value.

147 C In short: the Imaginary part tells which variable to hold constant
* 14R C and the real part tells at what value (in physical units$.

149 c
156 C When one dimensional transient cases (ny le.8) are being investigated
151 C the real part of the element of coeC under question has to be set

*t 152 C equal to the number (1.,through 8.6) of the element of the vector
153 C Itype in subroutine INIT in the code RAM2DI in order for the
154 C sectional plot to contain the correct data and label of that
155 C particular case. Recall that the imaginary part has to be nonzero
156 C for the section to be drawn. Note that the sections #IS are sofar
157 C intended only for the check of the total electromagnetiC intensity
158 C in the one-dimensional transient cases (ny.le.8). Set the real and
159 C imaginary part of the elements in row 19 of the array cseC as
166 C described above in this paragraph to obtain these total
161 C electromagnetiC intensity sectional plots.
162 c
163 C More details on how the individual subroutines work precedes their
164 C listings. The contouring subroutine cntr makes use of the
165 C subroutine mycon which generates a customized dotted line for the
166 C half-height contour. The cross section subroutine cresct calls
167 C frequently on the subroutine nysxis which finds 'nice' values for
168 C coordinate axis limits and Intervals. nysxis in turn uses
169 C subroutine powbas to find the next lower integral power of 16 for
176 C maxima% and minima@. Both subroutines cntr and criect share
171 C subroutine xisFFT when making secondary axes for FFT-plots.
172 c -vari s-
173 C

* 174 c
175 C gain - see RAM2DI
176 C rfsz - physical size of graphics plots
177 C i2 - y-coordinate index In do-loops 125.128.133,136.145,148.153.
178 C 156.165.168,173.176,185.188,193,196.205.28.213,225,228.
179 C 233,236,256,260
186 C 13 - t-coordinate index in some do-loops as i2

* 181 C icond - see RAM2DI
* 182 C iflip - 6/1 summand checks next row of cseC in do-loops 136.150.

183 c 176,196,216,230
184 C uin - number of dashed contours between solid contours in
185 C sub-cntr
186 C is - csoC column index in do-loops 126,146.166,186,206.22;
187 C dummy index in do-loops 130,159.176,190.219.239
188 C ishm - flag for half-height contour option in sub-cntr
189 C isrf - flag vector that indicates which contour plots are desired

6
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196 C its cseC column Index In do-loops 130,150.170.190.216.230
191 C jan - signed contour plot Index; >6 for contour label*. <6 no
192 C label*
193 C kz - vector contains the Iteration numbers at which graphics
194 C plots are desired
195 C level - vector containing desired level heights for dashed
196 C contour*
197 C lprmt - flog; If nonzero Indicates list of parameters is desired
198 C necveC - data switch for subroutine nyoxis
199 C ndeC - desired number of solid contours representing powers of 10
266 C nhyp - see IRAM2DI1
201 C nmax - see RAU2DI; index limit In do-loop 566
262 C np - see RAU2DI
263 C npump - see RAM2D1

%204 C nsC - oC row Index In do-loops 130.156.176.196,210.236
205 C nseC - number of elements tested In rows of esec
266 C nt - see RAM201
207 C ntp - nt+1
268 C nwrt - number of records In unit 4
269 C ny - see RAM2D1
216 C nyp = ny +1

*211 C nyh - ny/2
212 C nyhp - nyh+1
213 C phi - see RAM201
214 C phst - see RAU2O1
215 C pi - 3.14159265358979
216 C ri - Intensity normalization factor Sepi/speed
217 C rabamp - see RAMJ201
218 C ralasm - see RAM2DI
219 C ramaom - see RAM2DI
226 C ramp - see RAM2DI
221 C rdslim - see RAM2DI
222 C rdt - step size in time
223 C rdy - step size In transverse spatial variable y
224 C rint - se RAM2D1
225 C riot - see RAM2D1
226 C rkp - see RAM2D1
227 C rks - see RAM201
228 C SC - sum of Imaginary parts of a row of cosc; test variable
229 C afe - se RAM2D1
236 C sinit - see RAM2DI
231 C speed - see RAM2DI
232 C sq ase RAM2DI
233 C srf -array of data from which contours and sections are plotted
234 C srfi - Imaginary part of amplitude data for cross sectional plots
235 C setep - see RAM201
236 C stot - see RAM2DI

*237 C tin see RAM2DI
238 C tml -time coordinate lower limit
239 C tm2 -time coordinate upper limit
240 C tmax - value at end of time axis
241 C toC -see RAM2D1
242 C toff - ase RAM2D1
243 C tonig -value at beginning of time axis
244 C toot - see RAM2DI

*245 C totp - time axis Interval
L%246 C ttwo - see RAM21

247 C twidth - see RAM2OI
248 C twot -see RAM2DI

*249 C wfmax -nice spatial FFT axis end val ue
256 C wforig -nice spatial FFT axis beginning value
251 C wfetp -nice spatial FFT axis interval
252 C yfmax -value at end of spatial FFT axis
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253 C yfr -valu at beginning of spatial FFT axis
254 C yfstp -spatial FFT axis Interval
255 C ym -see RAM2D1

40256 C yi1  y-coordinate lower limit
257 C ym2 -y-coordinate upper limit
258 C ym2ml - yin2-yaml
259 C ymax - value at end of transverse spatial axis
260 C yoff - *so RAM2DI
261 C yorig - value at beginning of transverse spatial axle
262 C yost - see RAM2D1
263 C ystp - transverse spatial axle interval
264 C ywidth - see RAM2DI
265 C ywat - see RAM2D1
266 C zfinal - so* RAM2D1
267 C zint - see RAM2D1
266 C zkeep - soe RAM201
269 C zotep - *se RAM2D1
276 C zval - value of z-coordinate of current data/plot
271 C eee~eeeeeeeeeeseeeeeeseeeeeeeeeeeee
272 C MODIFICATION 9/67:
273 C THE DATA OUTPUT FILE NAME WAS CHANGED FROM 'FRAM' TO THE FOLLOWING:
274 C THE DATA FILE NAME'S FIRST CHARACTER (F) STANDS FOR THE OLD DATA

4275 C FILE NAME 'FRAM'. THE SECOND CHARACTER INDICATES THE T-DIMENSION.
276 C THE THIRD THE Y-DIMENSION. THE DIMENSIONS ARE REPRESENTED BY THEIR
277 C NUMBER (1-8) IF LESS THAN 9. IF GREATER THAN 8 THE DIMENSIONS ARE
278 C ASSUMED TO BE INTEGRAL POWERS OF 2. THE N-TH POWER OF 2 IS
279 C REPRESENTED BY THE N-TH CHARACTER OF RLFBET. THE FOURTH THROUGH

*280 C NINETH CHARACTER IN THE FILE NAME ENCODES THE MONTH, DAY, AND YEAR
281 C THE PROGRAM WAS STARTED. A THENTH THROUGH TWELFTH CHARACTER IS
282 C APPENDED, NUMBERING THE PARTIAL DATA FILES THAT ARE GENERATED
283 C WHEN THE PROGRAM RUNS TWO-DIMENSIONALLY.
284 C e~eeee.es~~.e~se~~ees.ee~sseeeeeeee
285 C
286 PARAMETER (NP -iO,NST-4099.NT-256.NTP-NT+1 .NX 8.NXI-19eNX.NY-128.
287 1 NYH-NY/2,NYHP-NYH+ .NYP-NY+ . NZ-20)
288 C
289 IMPLICIT COMPLEX(A-E.Q)

*296 DIMENSION INDEX(NP), ISRF(8).ISTAT 2 ITYPE(8).IWHEN(NYP),
291 1 IWORK257) .KZ(.NZ) LEVEL(81 .LPRMT(4) .AEQ(NT,NY).
292 2 AER(NTNY) .CSEC(19.NX).PHL NP).RABAMP() .RAMP(NP).
293 3 RosLim(e),RINT(NP) RTYPE(8),FE(NST).SRF(NTP.NYP).
294 4 SRFI(NTP,NYP) SRTY6F(1 NP) SO(NST),SSTEP NST),TIK(NY).
295 5 TM(2).TOFF(NP),TWIDTH(NP),YM(2).YOFF(NP) .YWIDTH(NP)
296 CHARACTERel 01
297 CHARACTER*2 DIA
298 CHARACTER*2 D2

*299 CHARACTER*2 D3
*306 CHARACTERe7 DTFLI

301 CHARACTEReS DTFL1D
362 CHARACTER*7 DTFL20
303 CHARACTEReI DUMI
304 CHARACTER. I DUM2
305 CHARACTERe2 EDN
366 CHARACTERe9 FRAM
307 CHARACTERee FRM
308 CHARACTEReI ISTPI

*369 CHARACTER*1 ISTP2
316 CHARACTERel ISTP3
311 CHARACTEReiO NUMRAL

V312 CHARACTER*9 PDNID
313 CHARACTERe12 PDN20
314 CHARACTER*12 PDN9
315 CHARACTER*12 PONt
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316 CHARACTER*26 RLFBET
317 CHARACTERSI TOIM
318 CHARACTERe1 YDIM

* 319 INTEGER DONYET.DAY.YEAR
320 NAMELIST /FLDATE/ DONYETMONTH.DAY.YEAR.IPART,NEDN
321 NAMELIST /CONDAT/ ILN. ISHU.LEVELLPRMT.NDCC.NSEC.ISRF.CSEC
322 NAMELIST /ZPLOTI KZ
323 COMMON /GRAPHS/ ILNISHUS ISRF. ITYPE. LEVEL.NDECNHYP.NSEC.CSEC.
324 1 GRFSZ.PI.RTYPE.SRF.SRFI.TMAXTORIG.TSTP.YFMAX.YFORIG.
325 2 YFSTPYMAXYORIG.YSTP.WFMAX.WFORIG.WFSTP.ZBOTZMAX,ZSTEP.
326 3 ZVAL
327 COMMON /NUM/ RDT.RDY.RDYF.TM1,TM2.YMI.YM2.YM2MI
328 EQUIVALENCE (YOFFSRTYOF)
329 C
336 DATA PI/3. 14159265358979/.SPEED/6.6299779/.
331 1 WDLIM/6.632126558828558/
332 DATA DONYET/1/ .MONTH/69/. OAY/26/.YEAR/87/. IPART/662/,NEDN/61/
333 DATA ILN~f/. 15M/I ,LEVEL/2.3.4.5,6,7.8.9/.LPRMT/-41/-.NDEC/2/.
334 1 NSEC/5/. SRF G./.CSEC/NXI*(S.9,..)-/.GRFSZ/7.9/
335 DATA KZ/NZ*S/
336 C
337 CALL ASSIGN (IRRE.DNL.NPRAMIL.-ALFT81IL)

*338 CALL ASSIGN IRRE.'NL.EPRML.'A'L.T59'L)
339 READ (1,FLDA E)
346 WRITE (59.0) 'READ (l,FLDATE)-
341 WRITE (5.FLDATE)
342 READ (1.CONDAT)
343 WRITE (59..) 'READ (ICONDAT)'
344 WRITE SOS.CONDAT)
345 READ (1.zPLOT)
346 WRITE (5 ')READ (I.ZPLOT)'

347 WRITE(5.ZLT
348 C
349 C -DETERMINE DATA FILE NAME
356 RLFBET- ABCDEFGH IJKLMNOPQRSTUVWXYZ-
351 C 123456789612345678901 23456
352 NUMRAL- * 123456780'
353 IF (NT.GT.8) THEN
354 ITDIM-NINT (ALOG(FLOAT(NT) )/ALOG(2.0))
355 TDIM-RLFBET (ITDIM:ITDIM)
356 ELSE
357 TDIM-NUMRAL (NT+1:NT+I)
358 ENDIF
359 IF (NY.GT.8) THEN
366 1YDlI-NINT(ALOG(FLOAT(NY) )/ALOG(2.6))
361 YDIM-RLFBET (IYDIM:IYDIM)
362 ELSE
363 YDIM-NUMRAL (NY+1:NY+1)
364 ENDIF
365 WRITE (59.. IITDI- '.ITDIM,' TDI- '.TDIU
366 WRITE (59,. 'IYDIM- '.IYDIM.' YOIM- .YDIU
367 IF (MONTH.GT.O.AND.MONTH.LT.10) THEN
368 IDUUI-1
369 IWUM2-mMONTIH1
376 DI-NUMlRAL (IDUM2:IDUM12)
371 ELSEIF (MONTH.CQ.16) THEN

*372 IDUU1-2
373 IDUM2-1
374 DI-'A
375 ELSEIF (MONTH.EQ.11) THEN
376 JDUMI-2
377 IDUU2-2
378 D-
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379 ELSEIF (MONTH.EQ.12) THEN
388 IDUMI-2
381 IDUM2-3
382 Dl-'C'
383 ELSE
384 WRITE (5,; 'MONTH INPUT - '.MONTH.- IS OUT OF RANGE'
385 CALL EXIT(1
386 ENDIF
387 DUMI:NUMRAL (IDUM1:IDUMI)
388 DUM2 NUURAL (IDUbI2:IDUM2)
389 Dl A-OUM1//DUM2
396 IF (DAY.LT.1.OR.DAY.GT.31) THEN

*391 WRITE (50..) 'DAY INPUT - '.DAY.- IS OUT OF RANGE'
392 CALL EXIT(1
393 ENDIF
394 IDUMI-INT(DAY/10)
395 10U2-OAY-19.IDUMI
396 DUUI-NUMRAL (IDUM1+1:IDUMI+1)
397 DUU2-NUMRAL (IDUIJ2+1:IDUM2+1)
398 D2-DUMI//DUM2
399 IF (YEAR.LT.G.OR.YEAR.GT.99) THEN
400 WRITE (59. 'YEAR INPUT - *.YEAR,' IS OUT OF RANGE'

*461 CALL EXIT(1)
462 ENDIF
463 IDUMI-INT (YEAR/1b)
464 IDUM2-YEAR-10.IDUMI
465 DUMI-NUMRAL (IDUM1+1:IDUM1+1 j
466 DUM2-NUMRAL (IDUM2+1:IDUM2+1)
467 D3-DUMI/]DUU2
468 FRM-*F //TDIM//YDIM//D1//02
469 FRAM-FV/TDIM//YO IlD A//D2//D3

411 IOUM2-NEDN-IDUMI*19
* 412 DUMI-NUMRAL (IDUM1+I:IDUM1+t)

413 DUM2-NUURAL (IDUM2+1:IDUM2+1)
414 EDN-DUMI//DUM2
415 IUNIT-4

*416 IF (NT.GT.8.AND.NY.GT.8) THEN
46417 ISTPI1NUMRAL(1:i)

418 IF (DONYET.EQ.0) THEN
419 ISTP2-ISTPI
428 ELSE
421 ISTP2-NUMRAL(2:2)
422 ENOIF
423 DTFLI- RM/ ISTP2
424 PONImFRAM/ ISTPI//ISTPI//ISTP2
425 WRITE (59,.) 'DTFLI- DTFLI

*426 WRITE (59.) IPDNI- '.PDNI
427 WRITE (59..) NEDN.EDN- '.NEDN,EDN
428 CALL ACCESS(IRRE.*DN*L.OTFL1,'PDN'LPON1.*ED*L.EDN)
429 CALL ASSIGN( IRRE.'DN'L.DTFLI.'A'L,-FTO3'L)
436 ISPCT-1
431 IUNIT-3
432 IF (DONYET.EQ.6) GO TO 46

"'a433 ELSE
434 DTFLID-FRM

*435 PDNID-FRAM
436 WRITE (59..) DTFLID- '.DTFLID
437 WRITE (59..) PDNID- *.PDNID
438 CALL ACCESS( IRRE.'DN'LDTFLID.'PDN'LPDN1D,'ED'LEDN)
439 CALL ASSIGN(IRREa'DN-L.DTFL1D,'A*L,-FT64-L)
446 ENDIF
441 C
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442 C - READ TIMING INFORMATION AND SET OF INPUT PARAMETERS
443 C
444 C - SKIP TO EOF IN UNIT IUNIT
445 CALL SKIPR(IUNIT.6*NST+3.ISTAT)
446 WRITE (59..) 'SKIPPED ',ISTAT(1).' RECORDS AND ',ISTAT(2).' FILES
447 1 IN UNIT '.IUNIT.'
448 C
449 C -BACKUP ONE RECORD IN UNIT JUNIT
456 CALL SKIPR(IUNIT.-1,ISTAT)
451 WRITE (59..) 'SKIPPED BACK '.ISTAT(1).' RECORDS AND '.ISTAT(2).'
452 1 FILES IN UNIT '.IUNIT.' .

453 C
454 C -READ NUMBER OF RECORDS AND TIMING INFORMATION FROM FILE RAM2D1.FOR
455 C AND REWIND DATA FILE
456 READ (JUNIT) NWRT.ZVAL,STOT.SINIT.SSTEP.SFE,SQ

457 WRITE (59.. :READ (IUNIT) NWRT.ZVAL.STOT.SINIT.SSTEP.SFE.SQ'
458 WRIT (9. 'NWRTZVAL.STOT.SINIT'.NWRT.ZVAL.STOT,SINIT
459 WRITE (59.) 'RAM2D1 RAN '.STOT,' SECONDS.'
460 REWIND IUNIT
461 40 CONTINUE

*463 C - READ CODE INPUT PARAMETER
464 READ (IUNIT) NPUMPYM.TM.ZINT.RKP.RKSYOFF.TOFF.YWIDTH.TWIDTH,
465 1 YOST.TOST.YWST.TWST.RINT.RIST.RAMASM.RALASM.NHYP.PHLPHST..4.466 2 TOC.ICOND.ITYPE.RTYPE.RABAMP.RDSLIM.ZSTEP.ZFINAL.ZKEEP.
467 3 NMAX,TTWO.GAIN
468 WRITE (59,. 'READ (IUNIT) NPUMP.YM.TM.ZINT...'
469 WRITE(59,.); 'NUMP.YM.TM.ZINT.RKP.RKS.YOFF.TOFFYWIDTH.TWIDTH.YOST.
476 1 TOST.YWST.TWST,RINT.RIST.RAMASM.RALASM.NHYP.PHL.PHST.TOC.
471 2 ICOND.ITYPE.RTYPE.RA9AMP.RDSLIM.ZSTEP.ZFINAL.ZKEEPNMAX.TTWO.
472 3 GAIN'
473 WRITE(59,.) NPUMP.YM,TM.ZINTRKP.RKS.YOFF.TOFFYWIDTH.TWIDTH.YOST.
474 1 TOST,YWST.TWST.RINT.RIST.RAMASMRALASM.NHYP.PHL.PHST.TOC,

* ~-475 2 ICOND.ITYPE.RTYPE.RABAMP,RDSLIM.ZSTEP.ZFINALZKEEP.NMAX,TTWO,
476 3 GAIN
477 C
478 C -ERROR CONDITIONS
479 IF (NSEC.LT.1.OR.NSEC.GT.NX) THEN
486 WRITE (59,s) 'NSEC - *.NSEC.' IS OUT OF RANGE*
481 NSE!-NX
482 ENDIF
483 IF (NT.LE.8.AND.NY.LE.8) THEN
484 WRITE (59.) 'NT AND NY BOTH LESS THAN 9; STOP'
485 ENDIF
486 IF (ICOND.NE.3.ANlD.NY.LE.8) THEN
487 WRITE (59..) 'WHEN ICOND-3 NY MUST BE LESS THAN 9; STOP'
488 CALL EXIT(1)
489 ENDIF
496 IF (ICOND.NE.4.AND.NT.LE.8) THEN

3'.491 WRITE (59,.) 'WHEN ICOND-4 NY MUST BE LESS THAN 8; STOP'
492 CALL EXIT(1)
493 ENDIF
494 C
495 C -RENAME CONSTANTS
496 TMl:TM()

* 497 TMT (2)
498 yM IM1
499 YM2 YM (2)

4'. ~566 YM2M-M-M
501 C
502 C -INITIALIZE DISSPLA GRAPHICS
563 CALL COMPRS

<564 C
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565 C - LIST INPUT PARAMETERS ON 3 GRAPHICS FRAMES UPON REQUEST
566 C
567 IF (LPRMT(l).EQ.6) GO TO 86

59 - FIRST FRAME OF PARAMETERS
516 CALL RESET('ALL-)
511 CALL AREA2D (8.6.16.5)
512 CALL HEIGHT (6.17)
513 SLT-2.0
514 ZL-10.2
515 CALL MESSAG('LIsT OF INPUT PARAMETERS$V.166.SLT.ZL)
516 CALL RESET('HEIGHT-)
517 SLI-1.8
518 SLT-0.6
519 ZL-9.5
520 CALL MESSAG( 'ICOND - S.1ee.SLT.ZL)
521 CALL INTNO(ICOND, SL1 ZL)
522 IF (NT.GT.8.AND.NY.GT.6) THEN
523 ZL-ZL-0.3
524 CALL MESSAG( ILN * $.1e.SLT.ZL)
525 CALL INTNO( ILN.SLI.ZL)
526 ZL-ZL-0.3

*527 CALL MESSAG(ISHM -$*.lee.SLT.ZL)
528 CALL INTNO(ISHM.SL1,ZL)
529 ZL-ZL-0.3
536 CALL MESSAG('NOEC m$',196.SLT.ZL)
531 CALL INTNO(NDEC.SLI,ZL)
532 ENDIF
533 IF (ICOND.EQ.2.OR.ICOND.EQ.4) THEN
534 ZL-ZL-0.3
535 CALL MESSAG('NHYP -$'.IGS.SLTZL)
536 CALL INTNO(NHYP.5L1,ZL)
537 ENDIF
538 ZL-ZL-@.3
539 CALL MESSAG('NUAX - V.100.SLT.ZL)
540 CALL INTNO(NMAX.SL1.ZL)
541 ZL-ZL-6.3
542 CALL MESSAG('NPUMP - V.190.SLT.ZL)
543 CALL INTNO(NPUMP.SL1.ZL)
544 NZLT-NZL+l
545 ZL-ZL-6.3
546 CALL MESSAG(-NT - S'.180.SLT.ZL)
547 CALL INTNO(NTSLl.ZL)
548 NZLT-NZL+i
549 ZL-ZL-6.3
550 CALL MESSAG('NY - $V.les.SLT.ZL)
551 CALL INTNO(NYSL1.ZL)

*552 ZL-ZL-0.3
553 CALL WESSAG( 'GAIN - S'.1ee.SLT.ZL)
554 CALL REALNO(GA[N.165,SL1.ZL)
555 IF (ICOND.EQ.2.OR.ICOND.EQ.3) THEN
556 ZL-ZL-0.3
557 CALL MESSAG$ PHST $ '.166.SLTZL)
558 CALL REALNO PHST.195,SL1.ZL)
559 ZL-ZL-S .3
566 CALL MESSAG(RALASM - $',100SLT.ZL)

*561 CALL REALNO(RALASMl.105,5L1ZL)
562 ZL-ZL-6 .3
563 CALL MESSAG( RAMASM - $'.166,SLT,ZL)
564 CALL REALNO(RAMASM.195.SL1.ZL)
565 ENDIF
566 ZL-ZL-6.3

567 CALL MESSAG('RIST - '.166.SLT.ZL)
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568 IPLACE-2
569 IF (ABS(RIST).GT.9999.0.OR.ASS(RIST).LT.6.01) IPLACE-2
570 CALL REALNO(RIST.IPLACE.SL1.ZL)
571 ZL-ZL-0.3
572 CALL MESSAG('RKP - V.100.SLT.ZL)
573 IPLACE-2
574 IF (ABS(RKP).GT.9999.6.OR.ABS(RKP).LT.6.B1) IPLACE-2
575 CALL REALNO(RKP.IPLACESLI.ZL)
576 ZL-ZL-6.3
577 CALL MESSAG('RKS - V.160.SLTZL)
578 IPLACE-2
579 IF (ABS(RKS).GT.9999.0.OR.ABS(RKS).LT.s.e1) IPLACE-2
586 CALL REALNO(RKS.IPLACE.SLI.ZL)
581 IF (ICONo.EQ.2.OR.ICONO.EQ.3) THEN
582 ZL-ZL-0.3
583 CALL MESSAG( 'TOC * S.100,SLT.ZL)
584 CALL REALNO(TOC.195.SLI.ZL)
585 ZL-ZL-6.3
586 CALL UESSAG( TOST -$'.10S.SLT.ZL)

.~587 CALL REALNO(TOST.165.SLI.ZL)
588 ENDIF
589 ZL-ZL-0.3

*596 CALL MESSAG( TTWO -$*.166,SLT.ZL)

591 CALL REALNO(TTWO.165.SL1.ZL)
592 IF (NT.GT.8) THEN
593 ZL-ZL-i.3
594 CALL MESSAG( TWST - S.169,SLTZL)
595 CALL REALNO(TWST. 195.SL1 .ZL)
596 ENDIF
597 IF (NY.GT.6) THEN
598 ZL-ZL-6.3
599 CALL MESSAG( 'YOST -S10.SLT.ZL)

6e6 CALL REALNO (YOST. 105.SLI.ZL)
661 ZL-ZL-0.3
682 CALL UESSAG(IYWST - V106.SLT.ZL)
663 CALL REALNO(CYWST.105.SLIZL)
684 ENDIF
605 ZL-ZL-0.3A
666 CALL MESSAG( ZFINAL - $'.100,SLT.ZL)
607 CALL REALNO(ZFINAL.1S5.SL1.ZL)

608 IF (NY.GT.8~ THEN

610 CALL MESSAGi ZINT -$*.166.SLT.ZL)

611 CALL REALNO(ZINT.185.SLI.ZL)
612 ENDIF

*613 ZL-ZL-0.3
A.614 CALL MESSAG( 'ZKEEP - $1.166.SLTzL)

*615 CALL REALNO(ZKEEP.105.SLI,ZL)
616 ZL-ZL-6.3
617 CALL MESSAG( 'ZSTEP - V.190.SLT.ZL)
618 CALL REALNO(ZSTEP.105.SLI,ZL)
619 CALL ENDPL(6)
626 80 CONTINUE
621 IF (LPRMT(2).EQ.S) GO TO 85
622 C
623 C - SECOND FRAME OF PARAMETERS

*624 CALL AREA2D(g.0.16.5)
625 ZL 10.2
626 CALL MESSAGQ'LIST OF INPUT PARAMETERS (CONTD)S'.180.SLT.ZL)

.5 -627 SLI-2.2
628 SL2-2.9
629 SL3-3.6
636 SL4-4.3
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631 SL5-5. 0
632 SLG-5.7
633 SL7-6.4
634 SLB-7. 1
635 ZL-9. 5
636 IF (NT.GT.8.ANO.NY.GT.8) THEN
637 CALL MESSAG (ISRF(1-6) - $V.100.SLT.ZL)
638 CALL INTNO ISRF I *SLI.ZL
639 CALL INTNO ISRF 2 ,SL2.ZL
640 CALL INTNO ISRF 3 .SL3.ZL
641 CALL INTNO ISRF 4 *SL4.ZL
642 CALL INTNO ISRF 5 1 SL5,ZL

fi 643 CALL INTNO ISRF 8 ,SL6.ZL
644 CALL INTNO ISRF 7 *SL7.ZL
645 CALL INTNOkISRF 8 .SLS.ZL)
646 ZL-ZL-0.3
647 CALL MESSA('LEVEL -$'.166.SLTZL)
648 CALL INTNO LEVEL 1 .SLI.ZL
649 CALL INTNO LEVEL 2 .SL2.ZL
656 CALL INTNO LEVEL 3 .SL3.ZL

S-651 CALL INTNO LEVEL 4 *SL4.ZL
*652 CALL INTNO LEVEL 5 .SL5.ZL

653 CALL INTNO LEVEL 6 .SL6.ZL
a.654 CALL INTNO LEVEL 7 .SO7ZLJ
a.655 CALL INTNOILEVEL181.SL8.ZL

656 ENOIF
657 IF (ICONO.EQ.3) THEN
658 ZL-ZL-0.3
659 CALL MESSAG QITYPE -$*,166.SLT.ZL)

666 CALL INTNO ITYPE 1 *SLI.ZL
661 CALL INTNO ITYPE 2 ,SL2.ZL
662 CALL INTNO ITYPE 3 .SL3.ZL
663 CALL INTNO ITYPE 4 *SL4,ZL
664 CALL INTNO ITYPE 5 ,SL5.ZL
665 CALL INTNO ITYPE 6 .SL6.ZL
666 CALL INTNO ITYPE 7 .SLOZLJ
667 CALL INTNOIITYPE 8 .SL8,ZL
668 ENDIF
669 SLI-2.1
676 SL2-3.2
671 SL3-4.3
672 SL4-5.4
673 SL5-6.5
674 IF (ICOND.EQ.2.OR.ICOND.EQ.3) THEN
675 ZL-ZL-0.3

*676 CA LL MESSAG( PHL(1-10) V. GO16.SLT.ZL)
677 CALL RELO(H 1 :105,SL1.ZL)

*678 CALL REALNO PHL2 .195 SL2.ZL)
679 CALL REALNO PHL(3 .105,SL3.ZL)
686 CALL REALNO PHL 4 .195.SL4,ZL)
661 CALL REALNO PHlL '5'.105.SL5.ZL)
682 ZL-ZL-0.3
683 CALL REALNO(PHL (8).1O5,SLI.ZL)
684 CALL REALNO (PNL (7) .16.SL2.ZL)
685 CALL REALNO PHL 8),1S5.SL.3.ZL)
686 CALL REALNO PHL(9) .105.SL4.ZL)
687 CALL REALNO(PL I6.@.L.L
688 ENDIF
689 IF (ICOND.EO.4) THEN
696 ZL-ZL-O.3
691 CALL MESSAG( 'RABAMP(1-8)- $,.199,SLT.ZL)

'A692 CALL REALNO(RABAMP1 .1e5 SL1.ZL)
693 CALL REALNO(RABAMP(2). 165.SL2.ZL)

75



FRAMI (version CD)

696 CALL REALNO (RABAMP (5) .195.SLS.ZL)
697 ZL-ZL-0.3

698 CALL REALNO(CRASAMP 6 195 SO1ZL)
699 CALL REALNO (RABAMP (7) ,185SL2.ZL)
706 CALL REALNO(RABAMP(8 .6i S3.L
701 ZL-ZL-0.3
782 CALL MESSAG IRDSLIM(t-8)m $',19eSLT.ZL)
783 CALL REALNO ROSLIM 1 .1S5.SL2.ZL704 

CALL REALNO RDSLIM 2 ,105.SL2.ZLj705 ALLREALNOIRDSLI JI. 105.SL5.ZLI706 CALL REALNO ROSLIM 3 .105,SL3.ZL
706 CALL REALNOIRDSLIM 4 .195.SL4.ZL
708 ZL-ZL-0.3
709 CALL REALNO(ROSLIM 6 .105.SL1.ZL)
710 CALL REALNO(RDSLIM(7) .105.SL2.ZL)
711 CALL REALNO(RDSLIM(8) .183.SL3,ZL)
712 ENDIF

.0P713 ZL-ZL-0.3
714 CALL MESSAG(-RINT(1-t0) - $S,190.SLT.ZL)
715 IPLACE-4

*716 IF (ABS(RINT( )).GT.9999.0.OR.ASS(RINT(l)).LT.0.01) IPLACE-2
-- 717 CALL REALNO(RINT(1),IPLACE.SLI.ZL)

718 IPLACE-4
719 IF (ABS(RINT(2)).GT.9999.6.OR.ABS(RINT(2)).LT.0.61) IPLACE-2
726 CALL REALNO(RINT(2).IPLACE.SL2,ZL)
721 IPLACE-4
722 IF (A~s(RINT(3)).GT.9999.S.OR.ABS(RINT(3)).LT.06) IPLACE-2

*723 CALL REALNO(RINT(3).IPLACE.SL3.ZL)
724 IPLACE-4
725 IF (ASS(RINT(4)) GT.9990.0.OR.ABS(RINT(4)).LT.e.S1) IPLACE-2
726 CALL REALNO(RINT(4) .IPLACE.SL4.ZL)
727 IPLACE-4
728 IF (ABS(RINT(5)) .GT.9999.0.OR.ABS(RINT(5)).LT.01) IPLACE-2
729 CALL REALNO(RINT (5),IPLACE.SL5,ZL)
730 ZL-ZL-6.3
731 IPLACE-4
732 IF (ASS(RINT(6)).GT.9999.0.OR ASS(RINT(6)).LT.O.01) IPLACE-2
733 CALL REALNO(RINT(6),.IPLACES61 ZL)
734 IPLACE-4
735 IF (ABS(RINT(7)).GT.9999.8.OR.ABS(RINT(7)).LT.S.S1) IPLACE-2
736 CALL REALNO(RINT(7),IPLACE.SLi.ZL)
737 IPLACE-4
738 IF (AaS(RJNT(8)) .GT.9999.S.OR.ABS(RINT(B)).LT.0.01) IPLACE-2
739 CALL REALNO(RIN?(S8).IPLACE.SL3.ZL)
740 IPLACE-4
741 IF (ABS(RINT(9)) .GT.9999.6.OR.A8S(RINT(9)).LT.0.81) IPLACE-2

*742 CALL REALNO( INT(9).IPLACE.SL4.ZL)
743 IPLACE-4
744 f- (ABS(RINT(1S)).GT.9999.0.OR.ABS(RINT(10)).LT.0.01) IPLACE-2
745 CALL REALNO(RINT(10).IPLACESL5.ZL)
746 IF (ICOND.EQ.3) THEN
747 ZL-ZL-0.3
748 CALL MESSAG( 'RTYPE - S . 100.SLT.ZL)

749 CALL REALNO RTYPE(12 .105.SL2.ZL)
756 CALL REALNO(RTYPEJI2 .105.SO2ZL)
751 CALL REALNO (RTYPE(3) 195.SL3.ZL)
752 CALL REALNO CRTYP(4) .105.SL4.ZL)
753 CALL REALNO(RTYPE5) ,105,SL5.ZL)
754 ZL-ZL-0.3
755 CALL REALNO(RTYPE(6) .1S5 SLIZL)756 CALL REALNO(RTYPE (7) .165SL2.ZL)

76

.0 ......



PRAMI (version CD)

757 CALL REALNO(RTYPE(8).165.SL3.ZL)
758 ENDIF
759 IF (NT.GT.8) THEN

;0760 ZL-ZL-0.3
761 CALL MESSAG( TM(1.2) -S100,SLT,ZL)

*762 CALL REALNO(TUAI15.SLI.ZL)
*763 CALL REALNO(TM2.105.SL2.ZL)

764 ZL-ZL-6.3
765 CALL MESSAG(-TOFF(1-10) w $V. ee.SLT.ZL)
766 CALL REALNOICTOFF (1): .1 SL1,ZL767 CALL REALNO(TOF 2 5 .6 L2ZL
768 CALL REALNO CTOFF (3) .165.SL3,ZL)
769 CALL REALNO(TOFF (4) .105 SL4.ZL)776 CALL REALNO TOFF(5) .195.SLS.ZL)
771 ZL-ZL-6.3
772 CALL REALNO(TO;;(6 .195.S L1ZL)773 CALL REALNO(TOFF7 .165.SL2,ZL)
774 CALL REALNO CTOFF(S) .105.SL3.ZL)
775 CALL REALNO(TOFF(g) .105.SL4,ZL)
776 CALL REALNO(TOFF( 10).I05.SL5.ZL)
777 ZL-ZL-6.3
778 CALL MESSAG( TWIDTH -$'.106,SLT.ZL)779 CALL REALNO(WDH1,6.L.L
786 CALL REALNO(TWIDTH 2 .1SSL2.ZL)
781 CALL REALNOITWIDTH (3 165.SL3.ZL
782 CLRALOTin4).165,SL4.ZL)
783 CALL REALNO(TWIDTH(5) .105.SL5,ZL)
784 ZL-ZL-0.3

_ 785 CALL REALNO( TWIDTH( 6Ie15,SL;:ZL)lo 786 CALL REALNO(TWIDTH7 15.SLZL
787 CALL REALNOC TDTH 8 105,SL3,ZL)788 CALL REALNOfTWIDTH 9)1 I6.LL
789 CALL REALNO TWIDTH~ 1BS.105.SL5.Z)
796 ENDIF
791 IF (NY.GT.8) THEN
792 ZL-ZL-0.3
793 CALL MESSAG(-YOFF(1-18) - $V.166.SLT.ZL)

- .794 CALL REALNO(YOFF~j 1 ,15S1Z795 CALL REALNO(YOF 21 .15SL2ZL)
796 CALL REALNO(YOFF(3) .15.SL3,ZL)
797 CALL REALNO(YOFF(4) .105 SL4 Zl
798 CALL REALNO (YOFF(5) .105SL5.ZK5
799 ZL-ZL-0.3
866 CALL REALNO(YOFF 6 .I65,SLjZL)861 CALL REALNO(YOFF(7) .105S2,L
802 CALL REALNO(YOFF 8 .165.SL3.ZL)
893 CALL REALNO(YOFF(9) .165.SL4,ZL)
864 CALL REALNO(YOFF( 16).165.SL5.ZL)
805 ZL-ZL-6.3
806 CALL MESSAG( YM( .2) .10V,leSLTZL)
867 CALL REALNO(YMI.105.SLI:ZL)'
868 CALL REALNO(YU2.1G5.SL2 ZLJ
869 ZL-ZL-0.3
816 CALL UESSAG(-YWIDTH - $'.166.SLT.ZL)
811 CALL REALNO(YWIDTH(1) ,15SLI.Z)812 CLL RELNOC YWIDT 2IN5SL.L813 CALL REALN(WDH3 .165.L2ZL)
814 CALL REALNO CYWI DTH(4) .165.SL4. ZL)
815 CALL REALNO(YWIDTH(5) .165.SL5.ZL)

816 ZL-ZL-0.3
817 CALL REALNO(YWIDTH(6 .105.SLIZ)

818 CALL REALNO(YWIOTH (7) .I65.SL2,ZL)819 CALL REALNO(YWIDTH(8) ,I95,SL3.ZL)
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A 820 CALL REALNO(YWIDTI 9),165,SL4.ZL)
V 821 CALL REALNO(ID 10) .165.SL5.ZL)

822 ENDIF
823 CALL ENDPL(6)
824 85 CONTINUE
825 IF (LPRMT(3).EQ.B) GO TO 95
826 C
827 C - THIRD FRAME OF PARAMETERS
828 CALL AREA2D(S.6,11.6)
829 ZL-i9.2
836 CALL MESSAG('LIST OF INPUT PARAMETERS (CONTD)$V.196.SLT,ZL)
831 ZL-9.8
832 CALL MESSAG('CSEC(1-19.1-8) - V.106,SLT.ZL)
833 SLI-9.1
834 SL2-1.0
835 SL3-1.9
836 SL4-2.8
837 SLS-3.7
838 SL6r,4. 6
839 SL7-5.5
840 SL8-6.4
841 ZL-ZL-6.3
842 CALL REALNO REAL(CSEC(I.1) .194,SL1,ZL)
843 CALL REALNO AIMAG(CSEC(1.1 ).104.SL2,ZL)
844 CALL REALNO REAL(CSEC(1.2) .164.SL3.ZL)
845 CALL REALNO AIMAG(CSEC(1.2 5 164.SL4,ZL)
846 CALL REALNO REAL(CSEC(1.3) .164.SL5.ZL)
847 CALL REALNO AIMAG(CSEC(1.31).164.SL6.ZL)
848 CALL REALNO REAL(CSEC(1.4) .184.SL7.ZL) 1
849 CALL REALNO AIMAG(CSEC(1,4 ),194,SL8,ZL)
856 ZL-ZL-6.2
851 CALL REALNO REAL(CSEC(1.5) .164,SLI.ZL)
552 CALL REALNO AIMAG(CSEC(1.5 ).1S4,SL2.ZL)
853 CALL REALNO REAL(CSEC(1.6) 164.SL3,ZL)
854 CALL REALNO AIMAG(CSEC(l.8 5 104.SL4,ZL)
855 CALL REALNO REAL(CSEC(1.7) .164,SL5.ZL)
856 CALL REALNO AIMAG(CSEC(1,7 ).164,SL6.ZL)
857 CALL REALNO REAL(CSEC(l.8) .104 SL7 ZL)
858 CALL REALNO AIMA (CSEC(l.8 ).104.SL8.ZL)
859 ZL-ZL-0.3
866 CALL REALNO REAL(CSEC(2.1) ,104.SL1.ZL)
861 CALL REALNO AIMAG(CSEC(2.1 ).194.SL2.ZL)

-~862 CALL REALNO REAL(CSEC(2.2) .194.SL3.ZL)
863 CALL REALNO AIMAG(CSEC(2.2 ),194.SL4.ZL)
864 CALL REALNO REAL(CSEC(2.3) ,184 SL5,ZL)
865 CALL REALNO AIMAG(CSEC(2.3 )1 64.SLi.ZL)
866 CALL REALNO REAL(CSEC(2.4) ,164.SL7,ZL)

*867 CALL REALNO AIMAG(CSEC(2,4 ).104.SL8.ZL)
868 ZL-ZL-6.2
869 CALL REALNO REAL(CSEC(2.5) .164.SL1.ZL)
876 CALL REALNO AIMG(CSEC(2 .5 ) .164.SL2,ZL)
871 CALL REALNO REAL(SEC (2.6) .164.SL3.ZL)
872 CALL REALNO AIMAG(CSEC(2.6 ),194.SL4.ZL)
873 CALL REALNO REAL(CSEC(2.7) .184.iL5.KL)

*874 CALL REALNO AIMAG(CSEC(2.7 ) 14 64SL6.ZL)
875 CALL REALNO REAL(CSEC(2.8) .194SH7.ZK)

*876 CALL REALNO AIMAG(CSEC(2,8 ).164.SL8.ZL)
877 ZL-ZL-6.3
878 CALL REALNO(REAL(CE(3 1) *104 SL1.ZL)
879 CALL REALNO AIMAG(CSEC(3,1 ).164.SL2.ZL)
880 CALL REALNO(REAL(CSEC(3.2) *164.SL3 ZL)

asi CALLREALNOLALM(CSEC(3.3 )14.S.ZL)
881 CALL REALNO(RAMA(CSEC(3.) .14.SL5,ZL)
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883 CALL REALNO(AIMAG(CSEC(3,3) ),194,SLSZL)
884 CALL REALNO(REAL(CSEC(, ) .104.SL7.ZL)
885 CALL REALNO(AIMAG(CSEC 4 ).194.SLS.ZL)
888 ZL-ZL-S.2
887 CALL REALNO REAL(CSEC(3.5) .6.L.L
888 CALL REALNO AIMAG(CSEC(3 .1 ),4S L2.ZL)
889 CALL REALNO REAL(CSEC(3.s) .104.SL3.ZL)
89e CALL REALNO AIMAG(CSEC(3.6 ).194.SL4.zL)
891 CALL REALNO REAL(CSEC(3.7 .104, SL5.ZL)
892 CALL REALNO AIMAG(CSEC(3,7 ),164,SL6.ZL)
893 CALL REALNO REAL(CSEC(3 .8) .164.SO7.ZL)
894 CALL REALNOIAIMAG(CSEC(3.8 ).le'.SLi.ZL)
895 ZL-ZL-0.3
898 CALL REALNO REAL(CSEC(4.1) .0.L.L
897 CALL REALNO AIMAG(CSEC(4.1 )14L2ZL)
898 CALL REALNO REALCCSEC(4.2) .104.SL3.ZL)
899 CALL REALNO AIMAG(CSEC(4,2 ).ie4,SL4,ZL)
906 CALL REALNO REAL(CSEC(4.3) .104.SL5.ZL)
901 CALL REALNO AIMAO(CSEC(4.3 ).1e4.SLO.ZL)
902 CALL REALNO REAL(CSEC(4.4) .104 SL7,ZL)
903 CALL REALNOIAIMAG(CSEC(4.4 ),1e4.SLaZL)

-964 ZL-ZL-0.2
6905 CALL REALNO REAL(CSEC(4,55) 14.SL1.L)

996 CALL REALNO AIMAG(CSEC(4. )1.L.ZL)
967 CALL REALNO REAL(CSEC(4.6) .14jSL3.ZL)
908 CALL REALNO AIMAG(CSEC(4.8 ),164.L4,ZL)
909 CALL REALNO REAL(CSEC(447) 14SL5*Z)
910 CALL REALNO AIMAG(CSEC(4 .73i*L6.ZL)
911 CALL REALNO REAL(CSEC(4,8) .104 SL7,ZL)
912 CALL REALNO AIUAG(CSEC(4,8 ).104,SLa.zL)
913 ZL-ZL-0.3
914 CALL REALNO REAL(CSEC(5.1) .104.SLI.ZL)
915 CALL REALNO AIMAG(CSEC(5.1 ),184,SL2.ZL)
918 CALL REALNO REAL(CSEC(S.2) .104,SL3.ZL)
917 CALL REALNO AIMAG(CSEC(S.2 ).194.SL4.ZL)
918 CALL REALNO REAL(CSEC(5.3) 104,SL5.ZL)

4,919 CALL REALNO AIMAG(CSEC(5.13 L14,SLZL)
920 CALL REALNO REAL(CSEC(5,4) .104.SL7.ZL)
921 CALL REALNO AIMAG(CSEC(5.4 ).1e4.SLa,ZL)
922 ZL-ZL-8.2
923 CALL REALNO REAL(CSEC(5,5)) !I4.L .
924 CALL REALNO AIMAG(CSEC(5.5 )e.L.ZL)
925 CALL REALNO REAL(CSEC(5.6) ?104,L3,ZL)
926 CALL REALNO AIMAG(CSEC(5,8W )e4SL4.zL)
927 CALL REALNO REAL(CSEC(5 7) .104 SL5.ZL)
928 CALL REALNO AIMAG(CSEC(5.7 .104.SLs.ZL)
929 CALL REALNO REAL(CSEC(5,8) .104,SL7.ZL)
930 CALL REALNO AIMAG(CSEC(i.8 ).1e4.SLa.ZL)

*931 ZL-ZL-0.3I
932 CALL REALNO REAL(CSEC(6.1) .104.SLI.ZL)
933 CALL REALNO AIMAG(CSEC(8. )14L2.ZL)

934 CALL REALNO REAL(CSEC(O !2) .104.SL3,ZL)
935 CALL REALNO AIMAG(CSEC(8. )14S4ZL)I936 CALL REALNO REAL(CSEC(8.3).4SLz)
937 CALL REALNO AIMAG(CSEC(6. i914,SLG.ZL)938 CALL REALNO REAL(CSEC(6 4) .104,SL7,ZL)939 CALL REALNOIAIMAG(CSEC(i,4 ),t04.SLa,ZL)946 ZL-ZL-0.2
941 CALL REALNO(REAL(CSEC(6.5)) 104.SLI ZL)
942 CALL REALNO(AIMAG(CSEC(6, 5.1e4.SL2.ZL)
943 CALL REAILNO(REAL(CSEC(6.s)) .104.SL3.ZL)
944 CALL REALNO(AIMAG(CSEC(8.6) ).104.SL4.zL)
945 CALL REALNO(REAL(CSrC(6.7)) .164.SL5.ZL)
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946 CALL REALNQ(AIMAG(CSEC(6.7) ),184.SL6.zL)
947 CALL REALNO( REAL(CSC(.) 1104 SO7.ZL)
948 CALL REALNO(AIMAG(CSC68 ).194.SLsZL)
949 ZL-ZL-0.3
956 CALL REALNO REAL(CSEC(7.1) 104,SLI.ZL)
951 CALL REALNO AIMAG(CSEC(7.1 ) .164.SL2,ZL)
952 CALL REALNO REAL(CS EC(7.2) eLZ)
953 CALL REALIIO AIMAG(CSE(. 5164.L.ZL)
954 CALL REALNO REAL6CS EC(7,3) 104,SL5.ZL)
955 CALL REALNO AIMA CSEC%7,3 S .164.SL6,ZL)
956 CALL REALNO ELSE(4 10.7,)
957 CALL REALNO AIMAG(CSEC(7,415,164.SLS.ZL)
958 ZL-ZL-0.2
959 CALL REALNO REAL(CSE(5 . 164,SLI.ZL)
966 CALL REALNO AIMA%C7. ) .184.SL2.ZL)
961 CALL REALNO REAL( SEC( 06) 104,SLOZL)
962 CALL REALNO AIMAG(CSEC(7.6 5 ,164.SL4,ZL)
963 CALL REALNO REAL(CSEC 7.7 104.SL5.ZL)

~ ,964 CALL REALNO A (CSEC(71 S .104,SLS.ZL)
966 CALL REALNO RA(SC O 0 LL
965 CALL REALNO AMGC SE 7,6) 4164,SL8,ZL)
967 ZL-ZL--.3
968 CALL REALNO REAL(CSEC(6.1) 104,SLI.ZL)
969 CALL REALNO AIMAG(CSEC(61 I ).184.SL2. ZL)
976 CALL REALNO REAL (C SEC (6.2) 104,SL3.ZL)
971 CALL REALNO AIUAO(CSEC(8.2 S .184.SL4. ZL)
972 CALL REALNO REAL (CSEC( 6,3) 104.SL5.ZL)
973 CALL REALNO AIMAi(CSEC8,.3 5 .104,SL6. ZL)
974 CALL REALNQ REAL(C SEC( S 41 104.SL7.ZL)
975 CALL REALNO AIMAG(CSEC(6,4 5.104.SLS.ZL)
978 ZL-ZL-6.2
977 CALL REALNO REAL(CSEC(B.5) 104.SLI.ZL)
976 CALL REALNO AIMAG(CSEC(S.,9 5.104.SL2.ZL)
979 CALL REALNO REAL(CSEC (8,6) 164.SL3.ZL)
986 CALL REALNO AIMAG(CSES(8,6 5,104,SL4,ZL)
981 CALL REALNO REAL(CSEC 8.71 .104.SL5.ZL)
982 CALL REALNO AIMAG' E~G ) .164,SL6.ZL)
983 CALL REALNO REAL(CSEC( .8) ,104,SL7,ZL)
984 CALL REALNO AIMAG(CSEC(8.8 ),164,SLI,ZL)

986 CLZL REAL3 REAL(CSEC(9.1) *104,SLI.ZL)

967 CALL REALNO AIMAG(CSEC(9.1 ),164,SL2.ZL)
988 CALL REALNO REAL(CSEC(9.2) 164.SL3.ZL)
989 CALL REALNO AIMAG(CSEC(9,2 5.184.5L4.ZL)

.. 996 CALL REALNO REAL(CSEC(9.3) .184,SL5,ZL)
991 CALL REALNO AIMA(CSEC(9.3 ).184.SLS.ZL)

*992 CALL REALNO REAL(CC9 4) .194,SL7.ZL)
*993 CALL REALNO AIMAG(CSEC(i.4 ).104.SLS.ZL)

994 ZL-ZL-0.2
995 CALL REALNO REAL(CSEC 9.5) 194 SLI.ZL)
996 CALL REALNO AIMAG(CSES(9.5 S. 104.SL2.ZL)
997 CALL REALNO REAL(CSECSO.6) .14 6SL3,ZL)
998 CALL REALNO AIMArI(CSEc (9.6 ).164.SL4.ZL)
999 CALL REALNO REAL(CSEC(9,7) ,104,iL3 ZL)
1666 CALL REALNO AIMAIG(CSEC(9,7 )s ,1 SLiZL)
1661 CALL REALNO REAL& SEC(9,8) 1i9 K457.L)

*1662 CALL REALNO AIMAI(CSE (9,81 5104. SU .ZL
1603 ZL-ZL-0.3
1064 CALL REALNO(R 'LCSEC(10,1) ,104 SOI.ZL)

WI.,.1665 CALL REALNO(AIMAii(CSEC(lS,l ),164.SL2.ZL)
1666 CALL REALNO REAL(CSEC(16.2) 164,S'3 ZL)
1067 CALL REALNO AIMAG(CSEC(16,2 3.164 SL4 ZL)
1668 CALL RELORA(SC1 . 14.SL5.ZL)
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1669 CALL 8EALNO(AI1dA0(CSEC(16.3) ),164.SL6,ZL)
1610 CALL REALNO(REAL(CsC1,) .104,SL7 ZL)
lo1l CALL REALNO(AItAAG(CSC(6.).104.SL8.ZL
1612 ZL-ZL-8.2
1813 CALL REALNO REAL(CSEC(I 5) ,104,SLI.ZL)
1014 CALL REALNO AIMAG(CSEC(16.5 ).l64.SL2.ZL)
1015 CALL REALNO REAL(CSEC(IS,6) .104,SL3.ZL)
1616 CALL REALNO AIMAO(CSEC(16.6 ).'bo4.SL4,ZL)
1617 CALL REALNO REAL(CSEC(if,7) .104,SL5.ZL)
1618 CALL REALNO AIMAG(CSEC(16.7 ).194.SLG.ZL)
1619 CALL REALNO REAL(CSEC(18.8) .104,SL7,ZL)
1620 CALL REALNO AIMAG(CSEC(IO.8 ).1S4,SL8.ZL)
1621 ZL-ZL-8.3
1622 CALL REALNO REAL(CSEC(1 1,1) .164,SLI.ZL)
1823 CALL REALNO AIMAG(CSEC( 11.1 ).184.SL2.ZL)
1624 CALL REALNO REAL(CSEC( 1.2) *104,SL3.ZL)
1625 CALL REALNO AIMAG(CSEC(11.2 ).164.SL4.Zl)
1026 CALL REALNO REAL(CSEC( 11,3) 104,SL5.ZL)
1027 CALL REALNO AIMG(CSM(Il. 3 5,1e4.SLG.ZL)
1628 CALL REALNO REAL(CSEC(11,4) .104.SL7,ZL)
1029 CALL REALNO AIMAG(CSEC(11.4 ).194.SL8,ZL)

*1030 ZL-ZL-6.2
1631 CALL REALNO REAL(CSEC(11,5) 194.SLI.ZL)

-- 1032 CALL REALNO AIIJAG(CSEC(11.5 5.l04,SL2.ZL)
1033 CALL REALNO REAL(CSEC(1 1,6) 164,SL3,ZL)
1634 CALL REALNO AIMAG(CSEC( 11,6 ).104.SL4.ZL)
1035 CALL REALNO REAL(CSEC(11 7) 164.SLS.ZL)
1036 CALL REALNO A IMAGSC(1 7 5.14,SL6.ZL)
1037 CALL REALNO IREAL(dSEC(I1.8) ,164.SL7.ZL)

*1038 CALL REAL#40 AIMAG(CSEC(II.S ),1e4.SLS.ZL)
1039 ZL-ZL-8.3
1040 CALL REALNO, REAL(CSEC(12.1) ,104.SL1,ZL)
1641 CALL REALNO AIMAG(CSEC(12,1 ),164.SL2.ZL)
1642 CALL REALNO REAL(CSEC( 2.2) 164,SL3.ZL)
1043 CALL REALNO AIMAG(CS;EC(12,2 $.l@4, SL4. ZL)
1644 CALL REALNO REAL(CSEC(1 2,3) ,194.SL5.ZL)
1645 CALL REALNO A IMA(CSEC(12.3 ),104,SLO..ZL)
1646 CALL REALNO REAL(CSEC(S12.4) ,104,SL7,ZL)
1047 CALL REAL .NO AIIAAG(CSEC(12,4 ).164.SLS.ZL)
1648 ZL-ZL-0.2

.1% 1649 CALL REALNO REAL(CSEC(12,5) 14S1,L

1651CAL RE LNO REA (CS C(1 .) .14.SL,ZL)
1652 CALL REALNO AIMAG(CSEC(12 , )104.SL2.ZL)
1653 CALL REALNO REAL(CSEC(12,7) *6.L,
1654 CALL REALNO AIMAG(CSEC( 12.7 ).1 SLS.ZL)
1953 CALL REALNO REAL(CSEC(1 278 .164,SL7,ZL)

*1656 CALL REALNO AIMAG(CSEC(12 . 104.SLO.ZL)

16583 CALL REALNO REAL(CSEC(12,)l ,194.SL7,ZL)
1059i CALL REALNO AIMAG(CSE(13.8 ).164,SL8.ZL)

1666 CALL REALNO REAL(CSEC(13,2) *104,SI3ZfL)
1661 CALL REALNO AIMAO(CSEC(13.2 )14L4ZL)
1062 CALL REALNO REAL(CSEC(133) .164,SL5,ZL)
1663 CALL REALNO AIl (SE~ i ,'.0.SL4.ZL)
1964 CALL REALNO REAL(SC1 3 164.SL7.ZL)
1065 CALL REALNO AIMAG(CSEC(13. )64S8ZL)

167 CALL REALt4O(REAL(CSEC(13,) .164,SL7.ZL)
1668 CALL REALNO AIMAG(CSEC(135)).6,S2.L

1069 CALL REALMO(REAL(CSEC(13,6)) ,164%SL3ZL)

1670 CALL REALNO(AIMAG(CSEC~l. 3.6) i )14SL4.ZL)
1671 CALL REALNO(REAL(CSEC(l3.7)) .164.SiL5.ZL)



PRAMI (version CD)

1072 CALL REALNO(AIMAG(CSEC(13.7 ),104.SL6.ZL)
1673 CALL REALNO(REAL(CSEC(136 .164,SL7.ZL)
1674 CALL REALNO(AIMAG(CSEC(1, ).164.SL8,ZL)

1928 CALL REALNO AMA(CSEC(14.1) )104 SLI.ZL

1094 CALL REALNO AIA (CS 1,1 1 S4.SLi .ZL
10*CLLR N RALMA(CSEC(42 *4.SL3,ZL

1079 CAL REAL RAL ACSEC(I4.2 5104.SL.ZL)

los3 CALL REALNO REAL( C~(14.5) .1S4.SL5.ZL)
leal CALL REALNO AIMAG(CSEC(I43 ,55104,SL.ZL)
1082 CALL REALNO REAL(OSEC 15.4) .164.SL7,ZL)
1083 CALL REALNO AIMAG(CSE (15.6 5i .14L.Z
less CALL REALNO REAL(SC ( 5) 194 SL5,ZL)
loseCALL REALNO A MAG(CSEC(14. 5 3,0iSL2.ZL)
1887CALL REALNO REAL( CSEC(15.i) 164.SL7.ZL)
less CALL REALNO AIMAG8CSEC(145,8,104.SL4.ZL)

leasCALL REALNO REAL(CSEC(16,1) 164.SL5,ZL)
looCALL REALNO AIMAG(CSeC(6, 184.5LG.ZL)

101 CALL REALNO REAL (C' (16.2) 16$4,*SL3 ZL)
1092CALL REALNO AIMAG(CSEC(4 .2 j ,14.SL4.ZL)

1094CALL REALNO REAL(CSEC( 5,3) ,184.SL5ZL)
lossCALL REALNO AIMAG(CSEC(15, 1 ).164.SL2.ZL)
1096CALL REALNO REAL(CSEC( 56,4) I64.SL7.ZL)
1097CALL REALNO AIMAG(CSEC(IS.2 , 5.14.SL4.ZL)

1121 CALL REALNO REAL(C'SEC(1653) .164.SL5.ZL)
123 CALL REALNOIAIMAG(CSEC(13.3 5).104,SL2.ZL)
1199CALL REALt4O REAL(CSEC(15 4) . 04.SL3.ZL)lielCALL REALNOAIMAG(CSEC(16.6 ).164,SL4,ZL

1125 CALL REALNO REAL(CSEC(16,7) ,104.SLI.ZL)
1126 CALL REALNO AIMAG(CSEC(16.7 ),164.SL6.ZL)
1127 CALL REALNO REAL(CSEC( 1 6) .164,SL3,ZL
1128 CALL REALNO A M '(SEC(li6 ).164.SLS .ZL)

*MCE(57 1129 ZL-ZL-0.
1136 CALL REALNO(REAL(CE(71).0.L.L
I131 CALL REALNO(AIMAG(CSEC(17.1 ) e )1 SL2.ZL)
1132 CALL REALNO(REAL(CSEC(17.2)) .104 SL7.ZL)

1133 CALL REALNO(A[MAG(CSECC1726.1614.SL2.ZL)

1134 CALL REALNO(REAL(CSEC(17.3) .164.SL5.ZL)

117CL0ELOAMGC ,- ,0.LL

Ila AL RALO EA(CEC164)IGS782)A

119CL0ELOAMGCSCI.1.0.L.L
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1135 CALL REALNO(AIUAG(CSEC(17.3) ).164.SL6.ZL)
1136 CALL REALNO(REAL(CSEC1.) .104,SL7.ZL)
1137 CALL REALNO(AIMAG(CSE(74 i).14.SL8.ZL)
1138 ZL-ZL-0. 2
1139 CALL REALNO REAL(CSEC(17.5) .164.SLI.ZL)
1148 CALL REALNO AIMAG(CSEC(17,5 ).164,SL2.ZL)
1141 CALL REALNO REAL(CSEC(17.6) ,164.SL3.ZL)
1142 CALL REALNO AIMAG(CSEC(17.6).,194 SL4.ZL)
1143 CALL REALNO REAL(CSEC(17.7) I104.SL5.ZL)
1144 CALL REALNO AIMAG(CSEC(17,7 ),104 SLSZL)
1145 CALL REALNO0 REAL(CSEC(17.8) 104.SL7.ZL)
1146 CALL REALNO AIUAG(CSEC(17. 8 ).16G4.SL8.ZL)
1147 ZL-ZL-0.3
1148 CALL REALNO REAL(CSEC(1S.1 1e4.SL ..ZL)
1149 CALL REALNO AIUAO(CSEC(18.1 ).1e4.SL2.ZL)
1156 CALL REALNO REAL(CSEC(18.2) 1@4.SL3,ZL)
1151 CALL REALNO AIMAG(CSEC(18.2 5,104.SL4,zL)
1152 CALL REALNO REAL(CSEC(18.3) .104.SL5 ,Z L)
1153 CALL REALNO AIMAG(CSEC(18. 3 ).164.SL6.ZL)
1154 CALL REALNO REAL(CSEC(18.4) 104 SL7.ZL)
1155 CALL REALNO AIMAG(CSEC(18.4 5.164.SLS.ZL)
1156 ZL-ZL-0.2

*1157 CALL REALNO REAL(PSEC(18 5) 104 SLI .ZL)
1158 CALL REALNO AIMAG(CSEC(8 5i 5.104.SL2. L)
1159 CALL REALNO REAL(CSEC(1S ,6) 104.SL3.ZL)
1166 CALL REALNO AIMAG(CSEC(18.6 1 104 SL4.ZL)
1161 CALL REALNO REAL(CSEC 18.7) 164,SL5,ZL)
1162 CALL REALNO AIMAG(CSEM(16,7 5,16i SL6.Z
1163 CALL REALNO REAL(CSEC(18.8) ,104.L7 ZL)
1164 CALL REALNO AIMAG(CSEC(18,8 ).104,SL8.ZL)

4;1165 ZL-ZL-0.3
1166 CALL REALNO REAL(CSEC(19,I) 164.SLIZL)
1167 CALL REALNO AIMAG(CSEC 19. 5.104,SL2,ZL)
1166 CALL REALNO REAL(CSEC(19,2) .104.SL3.ZL)
1169 CALL REALNO AIMAG(CSEC(19.2 ),I04.SL4.zL)

=1176 CALL REALNO REAL(CSEC( 19.3) .164,SL5.ZL)
1171 CALL REALNO AIMAG(CSEC(19.3 ).164,SL6.ZL)
1172 CALL REALNO REAL(CSEC(19 4) 164.SL7.ZL)
1173 CALL REALNO AIMAG(CSEC(19,4 5,164.SLB.ZL)
1174 ZL-ZL-0.2
1175 CALL REALNO REAL(.CSEC(19,5) .104.SLI,ZL)
1176 CALL REALMO AIMAG(CSEC(19.5 ).164,SL2.ZL)

A1177 CALL REALNO REAL(CSEC(19,6) .104,SL3.ZL)
117a CALL REALNO AIMAG(CSEC(19. 6 ).164.SL4.ZL)
1179 CALL REALNO REAL(CSEC(19.7) .104,SLS.ZL)
1186 CALL REALNO IAIMAG(CSEC(19,7 ),164.SL6.ZL)
1181 CALL REALNO REAL(CSEC(19.8) .104.SL7,ZL)
1162 CALL REALNO, AIMAG(CSEC(19. 8 ),104.SL8.ZL)

* 113 CALL RESET (HEIGHT')
1184 CALL ENDPL(6)

1185 95 CONTINUE
1186 CI
1167 C - PRECALCULATE 'NICE' END VALUES AND INTERVALS FOR FREQUENTLY USED
1166 C COORDINATE AXES. NUMERICAL STEP SIZE

* .. 190 C - T-AXIS
*1191 IF (NT.GT.8) THEN

1192 TORIG-TM1
1193 TSTP-2.0

*1194 TMAX-TM2
1195 NECLEC-1
1196 CALL NYSXIS(TORIG.1,NECLEC.TORIG.TSTPTMAX)
1197 ROT-( M2-TMI )/NT
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1198 ENDIF
1199 IF (NY.GT.8) THEN
1260 C
1201 C -Y-AXIS

1262 RDY-(YU2MI )/NY
1203 YORIG-YM
1204 YSTP-2.0
1205 YMAX-YM2
1286 tECLEC-1
1207 CALL NYSXIS(YORIG.1 .NECLECYORIG.YSTP.YMAX)
1268 C
1209 C -FFT-AXIS

1216 YFMAX-0.5/RDY
1211 YFORIG-YFMAX
1212 YFSTP-YFMAX-YFORIG
1213 RDYF-YFSTP/NY
1214 WFORIG-YFORIG
1215 WFSTP-0.0
1216 WFMAX-YFMAX
1217 NECLEC-1
1218 CALL NYSXIS(WFORIG I ,NECLEC.WF'ORIGWFSTP.WFMAX)
1219 WFSTP-2.0

*1226 NECLEC-1
1221 CALL NYSXIS(WFORIG,1 .NECLECWFORIG.WFSTP.WFMAX)
1222 WFORIG-WFORIG4+WFSTP
1223 WFMAX-WFMAX-WFSTP

.r1224 ENDIF
1225 C
1226 C -INTENSITY NORMALIZATION FACTOR
1227 R1-8.0.PI/SPEED
1225 R2-Ri .YM2M1 .YM2Mi
1229 C
1236 C -LOOP THROUGH: ALL RECORDS IN DATA FILE /ALL DATA FILES
1231 C
1232 IF (NT.GT. 8.AND.NY.GT.8) THEN
1233 IF (DONYET.EQ.0) THEN
1234 NWRT-4
1235 N18-2
1236 ELSE
1237 Nis-(NWRT-2)/6
1238 ENDIF
1239 ELSE
1246 IF (NY.GT.8) THEN
1241 NI-(NWRT-2)/6
1242 ELSE
1243 NIS-(NWRT-2)/3
1244 ENDIF
1245 ENDIF
1246 WRITE (59.*)'NIO- '.NII
1247 IZ-1
1248 KZOLD-0
1249 KZNEW-K(1
1250 C
1251 DO 560 10-1 .NIS
1252 WRITE (59) t6- 16 10
1253 WR ITE (59.) *KZOLO- '.KZOLD

*1254 WRITE (59..) i(ZNEW- '.KZNEW
1255 WRITE (59..) '12- '.12
1256 IF (KZNEW.LE.KZOLD.AND.16.GT.2) THEN
1257 WRITE (59.*)KZNEW .LE. KZOLD; STOP AT 16- *.10
1258 GOTO 561
1250 ENDIF
1260 IUNIT-4
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0

1261 IF (NT.GT.8.AND.NY.GT.8.AND.KZNEW.EQ.1) IUNIT-3
1262 IF (IS.NE.KZNEW) THEN
1283 C
1264 C -NO PLOTTING AT CURRENT ZVAL. MOVE ON IN DATA FILE/SS
1265 IF (NT.GT.8.AND.NY.GT.8) THEN
1266 IF (Ie.GT.1) THEN
1267 ISPCT-ISPCT+1
1268 ENDIF
1269 GO TO 590
1270 ENDIF
1271 GO TO 296
1272 ENDIF
1273 IF (10.NE.1) THEN
1274 IF (NT.GT.&.AND.NY.GT.8) THEN
1275 IF (DONYET.NE.6) THEN
1276 ISPCT-liPCT+1
1277 ELSE
1278 ISPCT-IPART
1279 ENDIF
1280 INUMRL-INT(ISPCT/100)
1281 ISTP1-NUMRAL (INUMRL+1 :INUMRL+1)
1282 IRST-ISPCT-10INUMRL
1283 INUMRL-INT(IRST/10)
1284 ISTP2-NUMRAL (INUMRL+1 INUMRL+1)
1285 INUMRL-IRST-1S.INUMRL
1286 ISTP3-NUMRAL (INUMRL+1 :INUMRL+1)
1287 DTFL2D-FRM//'2'
1288 PON20- FRAM// ISTPI//ISTP2//ISTP3
1289 WRITE (59..)*-DTFL2D '.DTFL2D
1290 WRITE (59..) 'PDN2D- .,PDN2D
1291 CDIR$ BLOCK
1292 CALL ACCESS( IRRE.'DN'L.DTFL2D.'PDN-L,PDN2D.'ED'L.EDN)
1293 CALL ASSIGN( IRRE,'DN'L,DTFL2D.'A-L.-FT04'L)
1294 ENDIF
1295 ENDIF
1296 IF (KZNEW.GT.1.OR.LPRMT(4).NE.1.OR.NY.LE.8) GO TO 175
1297 C
1298 C - INITIALLY. WHEN NY.GT.8, COMPUTE DIVERSE WAVE NUMBER AVERAGES
1299 C AND WRITE THEM ONTO A SEPARATE GRAPHICS OUTPUT FRAME
1300 CALL AREA2D(a.G.la.s)
1301 SLT-2.S
1302 ZL-10.2
1303 CALL MESSAG('LIST OF OUTPUT PARAMETERS$,100O,SLT.ZL)
1304 SLT-0.5
1305 ZL-ZL-0.7
1306 IF (NT.GT.8) THEN

41307 C
1308 C - READ INITIAL PUMP DATA. COMPUTE TOTAL PUMP ENERGY
1309 READ (IUNIT) ZVAL.AEQ
1310 WRITE (59. 'READ (IUNIT) ZVAL.AEO'
1311 TPI-0.S
1312 00 105 12-11NY
1313 DO 105 13-I .NT
1314 TPI-TPI+AEQ(13.12)eCONJG(AEQ(13,12))
1315 105 CONTINUE
1316 TPI-TPI*RDY*ROT/Ri
1317 CALL MESSAG('COMBINED LINEAR ENERGY DENSITY OF PUMPS IN MILLIJ 7
1318 1OULE/CM - $V.190.SLT.ZL)
1319 SLTR-SLT+3.0
1320 ZL-ZL-0.35
1321 IPLACE-2
1322 IF (A9S(TPI).GT.9999.9.OR.ABS(TPI).LT.O.SI) IPLACE-2
1323 CALL REALNO(TPI.IPLACE.SLTR.ZL)
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1324 WRITE (59,0)'TOTAL LINEAR ENERGY DENSITY IN PUMPS IN .

1325 1 'MILLIJOULES/CM - '.TPI
1326 C

1327 C - READ INITIAL STOKES DATA. COMPUTE TOTAL STOKES ENERGY
1328 READ (IUNIT) ZVAL.AEQ
1329 WRITE (59.*) 'READ (IUNIT) ZVAL,AEQ'
1330 TPI-0.6
1331 DO 167 12-1,NY
1332 DO 167 13-1,NT
1333 TPI-TPI+AEQ(I3.12)eCONJG(AEO(I3.12))
1334 167 CONTINUE
1335 TPI-TPI*RDY*RDT/R1
1336 ZL-ZL-6.5
1337 CALL MESSAG('COMBINED LINEAR ENERGY DENSITY OF STOKES IN MILLI
1338 IJOULE/CM - $'.196.SLT.ZL)
1339 IPLACE-2
1346 IF (ABS(TPI).GT.9999.9.OR.ABS(TPI).LT.e.e1) IPLACE-2
1341 ZL-ZL-0.35
1342 CALL REALNO(TPI.IPLACESLTR.ZL)
1343 WRITE (59.)'TOTAL LINEAR ENERGY DENSITY IN STOKES IN '.

1344 i 'MILLIJOULES/CM - '.TPI
1345 CALL SKIPR(IUNIT.I.ISTAT)
1346 WRITE (59.*) 'SKIPPED '.ISTAT(1),' RECORDS AND ',ISTAT(2).
1347 1 ' FILES IN UNIT '.IUNIT.' '

1348 ELSE
1349 CALL SKIPR(IUNIT.3,ISTAT)
1356 WRITE (59.*) 'SKIPPED ',ISTAT(1).' RECORDS AND '.ISTAT(2),
1351 1 ' FILES IN UNIT '.IUNIT.' '

1352 ENDIF
1353 C
1354 C - INITIAL PUMP BEAMS FFT INTENSITY DATA. READ PUMP FFT DATA AND
1355 C RESET FILE POINTER
1356 READ (IUNIT) ZVAL.AEQ
1357 WRITE (59..( 'READ (IUNITJ ZVALAEO'
1358 CALL SKIPR( UNIT,-4.ISTAT
1359 WRITE (59..) 'SKIPPED BACK '.ISTAT(1),' RECORDS AND '.ISTAT(2).'
1366 1 FILES IN UNIT '.IUNIT.' .'

1361 DO 116 12-1,NY
1362 DO 116 13-1,NT
1363 SRFI(13.12)-AEQ(13.12)*CONJG(AEQ(13.12))/R2
1364 110 CONTINUE
1365 C
1366 C - DETERMINE INITIAL SEQUENCE OF INDICES OF PUMP BEAMS ALONG Y-AXIS
1367 C FROM LEFT TO RIGHT
1368 IF (NPUMP.EQ.1) INDEX(1)-1
1369 IF (NPUMP.EO.2) THEN
1376 IF (YOFF(1).LT.YOFF(2)) THLN
1371 INDEX(1)-1
1372 INDEX(2)-2
1373 ELSE
1374 INDEX(1)-2
1375 INDEX(2)-I
1376 ENDIF

.. 1377 ELSE IF (NPUMP.GT.2) THEN
1378 MODE-2
1379 CALL ORDERS(MOOE.IWORKSRTYOF.INDEX.NPUMP.1,8.1)

• 1386 ENOIF
1381 WRITE (59,.) 'PUMP INDICES SEQUENTIALLY'.INDEX
1382 C
1383 C - ERROR CONDITIONS AND WARNINGS
1384 IF (YM(1).GT.YOFF( INDEX(1))) THEN
1385 WRITE (59,.) 'FIRST BEAM OUTSIDE Y-WINDOW; STOP'
1386 CALL EXIT(1)
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1387 ENDIFA 1388 IF (YM(2).LT.YOFF(INDEX(NPUMP))) THEN

1389 WRITE (59..) 'LAST BEAM OUTSIDE Y-WINDOW; STOP'
1390 CALL EXIT(l)
1391 ENDIF1392 IF (NPUMP.GT.1) THEN

1393 DO 120 INP-1.NPUMP-1
1394 -I6,INDEX(INP)
1395 IBNX-INDEX(INP+I)
1396 IF (YOFF(IBNX)-YOFF(IB).LE.YWIDTH(IBNX)+YWIDTH(IB)) THEN
1397 WRITE (59.*) 'BEAM '.18,' AND BEAM '.IBNX,
1398 1 * ARE TOO CLOSE FOR AVERAGE K CALCULATIONS'
1399 ENDIF
140 RIB-RINT(IBNX)/RINT(IB)
1401 IF (RIB.LT.0.1.OR.RIB.GT.10.O) THEN
1402 WRITE (59.*) 'DISPARATE INTENSITIES OF BEAM '.IB.' AND ',

1403 1 IBNX.'MAY OBSCURE SIGNATURES IN AVRG. K CALCS.'
1484 ENDIF
1405 120 CONTINUE
1406 ENDIF
1407 C
1468 C - CONSIDER EACH BEAM AT TIME TOFF WHEN 2-0; CONSIDER ALL NT CASES

"  1409 C WHEN 1-D (STATIONARY)
1410 SL-SL+0.5
1411 ZL-ZL-0.5
1412 CALL MESSAG('PUMPS'.10.SLTZL)
1413 SLT-SLT+1.2
1414 CALL MESSAG('TOTAL INTENSITY$'.160.SLT.ZL)
1415 SLT-SLT+2.6
1416 CALL MESSAG('K-WIDTH$',I1OSLT.ZL)
1417 IFRM-0
1418 NCASES-NT
1419 IF (NT.GT.S) NCASES-1
1420 DO 170 ICS-1.NCASES
1421 IF (NCASES.GT.1) THEN
1422 IF (ZL.LT.NPUMP,0.3+.5) THEN
1423 IFRMIFRM+I
1424 CALL ENDPL(8)
1425 CALL AREA2D(8.e.16.5)
1426 ZL-10.2
1427 CALL MESSAG('LIST OF OUTPUT PARAMETERS (CONTO)V.
1428 1 109,SLT.ZL)
1429 ZL-g.5
1430 CALL MESSAG('PUMP$'.10.SLT.ZL)
1431 SLT-SLT+1.2

4' 1432 CALL MESSAG('TOTAL INTENSITY$'.10.SLT.ZL)
4 1433 SLT-SLT+2.6

1434 CALL MESSAG('K-WIDTH$'.lG.SLTZL)
* 1435 IF (IFRM.GT.8) THEN

1436 WRITE (59,.) 'LIST OF OUTPUT PARAMETER INTERUPTED'
1437 GO TO 170
1438 ENDIF
1439 ENDIF
1446 SLT-0.1

• 1441 ZL-ZL-0.4
1442 CALL MESSAG('CASE$'.160.SLT.ZL)

* 1443 SLT-SLT+0.8
1444 CALL INTNO(ICS.SLT.ZL)
1445 ENDIF
1446 IT-ICS
1447 ZL-ZL-0.1

" 1448 C
1449 C - CONSIDER ONE BEAM AFTER THE OTHER (ALONG K-AXIS FROM RIGHT TO LEFT)

.'
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1450 DO 160 INP-1.NPUMP
1451 IB-INDEX(INP)

"V1452 C -RIGHT BEAM LIMIT

1454 IF (INP.EQ.1) THEN
1455 JR-NY
1456 ELSE
1457 JR-JL
1458 ENDIF
1459 C
1466 C -LEFT BEAM LIMIT
1461 IF (INP.EQ.NPUMP) THEN
1462 JL-1
1463 ELSE
1464 IBNX-INDEX(INP+)
1465 YK- .(YOFF(I) +YOFF(IBNX)).RKP/ZINT
1466 JL-ANINT((YL-YFORIG)*YM2MI)
1467 ENDIF
1468 C
1469 C -SELECT TEMPORAL PEAK OF EACH BEAM IN 2-D CASES
1470 IF (NT.GT.8) THEN

*1471 TOF I~mTOFF(IB)
1472 IF (TOFIS.LT.TMI.OR.TOFIB.GT.TM2) THEN
1473 WRITE (59,.) 'BEAM *.19,' IS OUTSIDE T-RANGE'
1474 G0 TO 160
1475 ENDIF
1476 IT-ANINT(NT*(TOFIB-TMI )/(TM2-TM1))
1477 ENDIF
1478 C
1479 C - COMPUTE TOTAL INTENSITY OF BEAM IN K-SPACE
1480 TIX(JL)-6.O
1461 DO 146 J-JL+1 .JR
1462 TIK(J)-TIK(J-1)+SRFI(IT,J)*RDYF
1483 140 CONTINUE
1484 WRITE (59,4)'TIK - -,TIK
1485 TIKBMX-TIK(JR)
1486 WRITE (59.*)'JL- ',JL,' JR- *.JR.' TIKBMX- '.TIKBMX.' IT- '.IT
1487 ZL-ZL-0.3
1468 SLT-0.7
1489 CALL INTNO(IBS LT ,ZL)
1490 SLT-SLT+1.3
1491 IPLACE-2
1492 IF (ABS(TIKBMX).GT.9999.0.OR.ABS(TIKBMX).LT.01) IPLACE-2
1493 CALL REALNO(TIKBMX.IPLACE.SLT.ZL)
1494 WRITE (59.*)'TOTAL INTENSITY IN K- '.TIKBMX
1495 C I
1496 C -COMPUTE K-WIDT4 OF BEAM (LINEAR INTERPOLATION)

*1497 IF (TIK9MX.GT.1.SE-64) THEN
1498 DO 156 J-JL.JR
1499 TIK(J)-ABS((2.9.TIK(J)-TIKBMX)/TIKBMX)-WDLIM
1506 150 CONTINUE
1561 ELSE
1502 WRITE (59.*)'POWER INTERGRAL IN K-SPACE VANISHES'

'V1563 ENDIF
1564 JSRCH-JR-JL+1

*1505 CALL WHENFLE(JSRCH.TIK(JL).1.6.6.IWHEN.NVAL)
N.,1566 WRITE (59.*)'IWHEN - ',IWHEN

1567 IWNI-IWHEN( 1)4JL-1
1568 IWN2-IWHEN (NVAL)+JL-1
1569 IF (NPUMP.GT.I.AND. (IWN1.EQ.1.OR.IWN2.EQ.NY)) THEN
1516 WRITE49o *AVERAGE K CALCULATION FAILED'
1511 GOTO
1512 ENDIF
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1513 IF (IWN2-IWNI.*LT.4) THENN
1514 WRITE (59..) 'INSUFFICIENT RESOLUTION FFT BEAM -.18
1515 GOTO 170
1516 ENDIF
1517 TIKDLI-TIK( IWN1-1 )-TIK (IWN)
1518 TIKDL2-TIK( IWN2+1 )-TIK C WN2)
1519 WRITE (5g..)'TIKDLIm '.TIKD~L.' TIKDL2- '.TIKDL2
1520 YKL-YFORIG+RDYF*t IWNI+TIK' IWNI '/(TIK( WNI-1 '-TIK(IWN1 j1521 YKR-YFORIG+RDYF*(.IWN2-TIK8i WN2 j/(TIK(IWN2+1 )-TIK( IWN2yJ
1522 WDTHKB-YKR-YKL
1523 SLT-SLT+2.4
1524 IPLACE-2
1525 IF (ABS(WDTHKB).GT.9999.0.OR.ABS(WDTHKB).LT.0.61) IPLACE-2
1526 CALL REALNO(WDTHKB, IPLACE.SLT.ZL)
1527 160 CONTINUE
1528 176 CONTINUE
1529 CALL ENDPL(6)
1536 175 CONTINUE
1531 C
1532 C - GENERATE DESIRED GRAPHICS DATA AND CALL PLOTTING SUBROUTINES
1533 C
1534 IPLTGP-1
1535 IF (NY.LE.8) IPLTGP-2
1536 DO 226 IPLT-1.6.IPLTGP
1537 C
1538 C -CHECK WHICH GRAPHS ARE REQUESTED
1539 IF (NY.GT.8.AND.NT.GT.8) THEN
1546 JSRF-ISRF(IPLT)
1541 ELSE
1542 JSRF'-6
1543 ENDIF
1544 SCI-0.S
1545 LCSEC-3*(IPLT-1)+1
1546 DO 186 IS-I .NSEC
1547 SCI-SCI+ABS(AIMAG(CSEC(LCSEC. IS)))
1546 186 CONTINUE
1549 SCA-6.0
1556 I.CSEC-LCSEC+1
1551 DO 196 IS-i .2*NSEC
1552 IFLIP-INT( (IS-1)/NSEC)
1553 NSC-LCSEC+ iFLIP
1554 ISS-IS-IFLIP*NSEC
1555 SCA-SCA+ABS(AIMAG(CSEC(NSC. ISS)))
1556 196 CONTINUE
1557 C 9

1558 C - WHEN A GRAPH IS REQUESTED READ ITS AMPLITUDE DATA IN AND RESET
1559 C FILE POINTER TO FIRST OF THE RECORDS WITH THE CURRENT ZVAL-
1561 WRITE (9*'CC.0ILCE.SFI.ZE.WT
1566 WRITE (59:* SCISCA.19.IPLTLCSECJSRF.IZ.KZNEW,NWRT
1562 IF (SCI.GT.6.661.OR.SCA.GT.9.601.OR.ISRF.NE.6) THEN
1563 C
1564 C -MATCH UP EL.ES.Q.AEL.AES.AQ STORAGE WITH EL.AEL,ES.AES.Q.AQ
1565 C PLOTTING
1566 IF (IPTE1) IC1567 IF PLEQ2 IC
1568 IF (IPLT.EQ.33 IRCD-2
1569 IF (IPLT.EQ.4) IRCD-5
1576 IF (IPLT.EQ.5 IRCD-3
1571 IF (IPLT.EQ.61 IRCD-6
1572 C IRCD-1+MOD( IPLT+2.(IPLT-1)+INT(IPLT/2)-1 .6)
1573 CALL SKIPR ( UNIT,IRCD-l ISTAT)
1574 WRITE (5g..) 'SKIPPED '.ISTAT(1).' RECORDS AND '.ISTAT(2).
1575 1 *FILES IN UNIT * IUNIT
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1576 READ (IUNIT) ZVAL.AEQ

1577 WRITE (59.) 'READ (IUNIT) ZVALAEQ'
1578 CALL SKIPR(IUNIT.-IRCD.ISTAT)
1579 WRITE (59..) 'SKIPPED BACK '.ISTAT(1).' RECORDS AND '.ISTAT(2).

1581 ELSE
. 582 GO TO 220

1583 ENDIF
1584 C - INTENSITY CONTOURS
1585 IF (JSRF.NE.0) THEN
1586 O0 266 12-INY
1587 DO 206 I3-I.NT
1588 SRF(I3 12)-AEQ(13.12)*CONJG(AEQ(13,12))/R1
1589 200 CONTINUE
1598 CALL CNTR(IPLT*JSRF)
1591 ENDIF

1593 C - INTENSITY SECTIONS
1594 IF (SCI.GT.6.8e1) THEN
1595 X1-R1' 1596 IF (IPLT.EQ.2.0R.IPLT.EQ.4.0R.IPLT.EQ.6) XI R2
1597 DO 205 12-INY

" 598 DO 285 13-lNT

* 1599 SRF(I3,12)-AEQ(13.12)*CONJG(AEQ(13.12))/X1
16*9 295 CONTINUE

1601 CALL CRSSCT(LCSEC-1)
1602 ENDIF
1683 C
1694 C - LOAD PHASE AND AMPLITUDE DATA
1605 IF (SCA.GT.6.601) THEN
1606 DO 216 12-I.NY

1607 DO 216 13-INT
1608 SRFJ13.12)-REAL(AEQ(13,12))
1609 SRF (I3,12)-AIMA6(AEQ(I3,I2))
1610 216 CONTINUE
1611 C
1612 C - PHASE AND AMPLITUDE SECTIONS
1613 CALL CRSSCT(LCSEC)
1614 ENDIF
1615 226 CONTINUE
1616 C
1617 C - PLOTS WITH SUM OF THE INTENSITIES OF PUMP BEAMS AND STOKES BEAM
1618 C AND LONGITUDINAL INVARIANTS
1619 C
1628 SC-8.0
1621 DO 236 IS-INSEC
1622 SC-SC+ABS(AIMAG(CSEC(19.IS)))
1623 236 CONTINUE
1624 C
1625 C - DATA OF PUMPS AND STOKES INTENSITY COMBINED
1626 IFLG-6
1627 IF (ISRF(7).NE. .AND.NT.GT.S.AND.NY.GT.8) THEN
1628 JSRF-IS F(7)
1629 READ (IUNIT) ZVAL.AEO
1636 READ (IUNIT) ZVAL,AER
1631 WRITE (59,.) 'READ (IUNIT) ZVAL.AEQ'
1632 WRITE (59..) *READ (IUNIT) ZVAL.AER'
1633 IFLG-1
1634 CALL SKIPR(IUNIT.-2.ISTAT)

* .: 1635 WRITE (59.) 'SKIPPED BACK ',ISTAT(1).' RECORDS AND ',
1836 1 ISTAT(2).' FILES IN UNIT '.IUNIT,' .

1637 DO 256 12-1.NY
1638 DO 25 13-I .NT
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1639 SRF(13.I2)-(AEO(13.I2) .CONJG(AEO(13:12))1646 1 +AER( 13.12) eCONJG AER( 13 12)))R
1641 250 CONTINUE
1642 CALL CNTR(7*JSRF)
1643 ENDIF
1644 C
1645 C - DATA OF INVARIANT ALONG Z
1646 IF (SC.GT.6.6e1) THEN
1647 C
1648 C - LONGITUDINAL INVARIANT IN 1-0 TRANSIENT CASE
1649 IF (IFLG.EQO) THEN
1656 READ (IUNIT) ZVAL.AEQ
1651 READ (JUNIT) ZYAL.AER
1652 WRITE (59.) 'READ (IUNIT) ZVAL.AEQ'
1653 WRITE (59,.) uREAD (JUNIT) ZVAL.AER'
1654 CALL SKIPR(l IUIT,-2,ISTAT)
1655 WRITE (59,. SKIPPED BACK '.ISTAT(1).- RECORDS AND
1656 1 ISTAT(2).- 4ILES IN UNIT -.IUNIT.-
1657 ENDIF
1658 DO 255 12-I NY
1659 DO 255 13m1.NT
1666 SRF( 13. 12)-(RKS*AEQ( 13.12) :CO4JO(AEO(13. 12))
1661 1 +RKP*AER(13.12).CONJG(AER(13.12) )/RI

*1662 255 CONTINUE
1663 IF (NY.GT.8) THEN
1664 C
1665 C - LONGITUDINAL INVARIANT IN 1-0 STATIONARY CASE AND IN 2-0
1666 0') 257 13-1,NT
1667 SRF'-3.)ne.6
1666 257 :.ONf; 'NUE
1669 DO 256 I2-2,NY
1676 DO 258 13-1 HT
1671 SRF( 13,I2)-SRF(I3.12)*RDYe.SRF(13.12-1)
1672 258 CONT INUE
1673 ENDIF
1674 CALL CRSSCT(1O)
1675 ENDIF
1676 IF (ISRF(S).NE..A .NGT .NDYG.8 THEN
1677 C AAJS RF..ISF(6))

1679 C
1689C DTA F PMPSAND STOKES eFT INTENSITY COMBINED

1662 CALL SKIPR(IUNIT.3.ISTAT) AD .SA()
1652 WRITE (59..) 'SKIPPED *.ISTAT(1)., RECORDSAN .ST()

1663 1 . FILES IN UNIT * .IUNIT
1684 READ f UNIT) ZVAL.AEQ
1685 READ (KUNIT) ZVAL.AER

/ .1686 WRITE 50:* 'READ (IUNIT ZVAL.AER'
* 1666 CALL SKIPR(l UNT-5.ISTAT5

1669 WRITE (5.)'SKIPPED BACK '.ISTAT(I).' RECORDS AND
1696 1 ISAT(I.' FILES IN UNIT *.IUNIT.'.

1601 DO 266 12in,NY
1692 DO 260 I3-I ,NT
1693 SRF(13.12)m( AEQ(13.12)*CONJG(AEQ(13.12)
1694 1 +AER( 13.I2)*C0NJG(AER(I3. 2)))/R2
1695 266 CONTINUE
1696 CALL CNTR(6.JSRF)
1607 ENDIF
1698 C

1609 C -END OF PLOTTING DATA SET1709 I1761 IF (NT.GT.8.AND.NY.GT.8..AND.16.GT.1) THEN
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1702 CALL RELEASE(IRRE.'DN'L.DTFL2D)
1703 WRITE (59,.*)'RELEASED DN- '.DTFL2D
1704 ENDIF
1765 KZOLO-KZNEW
1766 IZ-IZ+1
1707 KZNEW-KZ(IZ)
1708 206 CONTINUE
1709 C
1710 C - MOVE POINTER IN DATA FILE ON TO FIRST RECORD WITH NEXT ZVAL
1711 C
1712 IF (NY.GT.8) THEN
1713 CALL SKIPR(IUNIT,6.ISTAT)
1714 WRITE (59.e) 'SKIPPED '.ISTAT(1),' RECORDS AND '.ISTAT(2).
1715 1 ' FILES IN UNIT ',IUNIT
1716 ELSE
1717 CALL SKIPR(IUNIT,3.ISTAT)
1718 WRITE (59.*) *SKIPPED '.1STAT(1).' RECORDS AND '.ISTAT(2).
1719 1 * FILES IN UNIT '.IUNIT
1720 ENDIF
1721 506 CONTINUE
1722 C
1723 C - CLOSE GRAPHICS SURFACES. END PROGRAM

0 1724 C
1725 501 CONTINUE
1726 CALL DONEPL
1727 CALL EXIT(1)
1728 END
1729 c

N, 1730 c
1731 c
1732 c
1733 SUBROUTINE CNTR(KSRF)
1734 c
1735 C This subroutine was written by Godehard Hilfer and Curtis R. Menyuk
1736 C (2/87). It uses the commercial graphics package DISSPLA (SDSS) to
1737 C generate a contour plot of the data in array srf.
1738 c
1739 C This subroutine employs the subroutine nysxis to compute 'nice' tick
1746 C marks along the coordinate axes and the subroutine xisFFT to compute
1741 C the location, extremas and Intervals of the transformed variable axle
1742 C in FFT-plots. Depending on the value of kerf various titles.
1743 C coordinate axes and labels are selected and drawn. The sign of
1744 C ksrf toggles the labeling option of the main contour lines
1745 C (positive kerf labels, negative ksrf no labels). The main contour
1746 C lines are solid lines representing Integral powers of 16. ndeC such
1747 C lines will be drawn below the surface maximum. In (<9) other
1748 C contour lines (dashed lines) are drawn between the main contour

* 1749 C lines corresponding to the integral multiples of the next lower
1750 C integral power of ten. Which Integral multiples are drawn is
1751 C determined by the first [in elements of the vector level. If
1752 C ishm - I a dotted contour will mark the half-height level, If
1753 C ish - 0 this line will not be drawn, if lshm -1 the half-height
1754 C contour and a dot at the surface maximum should be drawn.
1755 C

V 1756 C -var lab leeI-
1757 c

0 1758 C grfsz - physical sue of graphics plots
1759 C 12 - y-coordinate index in do-loops 228.230
1760 C 13 - t-coordinate index In do-loops 225.236
1761 C iln - number of dashed contours between solid contours
1762 C ishm - flag for half-height contour option in sub-cntr
1763 C ksrf - index number of surface that is being contoured
1764 C labi labelling variable
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1765 C level vector with desired level heights for dashed contours1766 C Iv - index do-loop 246
1767 C ndoC - desired number of solid contours representing powers of 10
1768 C nocv*C - data switch for subroutine nyoxle

-1769 C nt - see RAM2D1
S1778 C ntp- nt+l

1771 C ny - see RAM2O1772 C nyp -ny+l

1773 C rdy - step size in transverse spatial variable y
1774 C srf - array of data from which contours are plotted
1775 C tml - time coordinate lower limit
1776 C tm2 - time coordinate upper limit
1777 C toax- value at end of time axis
1778 C torig value at beginning of time axis
1779 C tstp - time axls interval
178 C wfmax - nice spatial FFT axis end value
1781 C wforig * nice spatial FFT axis beginning value
1782 C wfstp - nice spatial FFT axis interval
1783 C xdum - dummy variable holding the x-coordinate of two points
1784 C ydum - dummy variable holding the y-coordinate of two points
1785 C yfmax - value at end of pathal FFT axis

1786 C yforig - value at beginning of spatial FFT axis
-_ 1787 C yfstp - spatial FFT axis interval
* 1788 C ymax - value at end of transverse spatial axis

1789 C yorig - value at beginning of transverse spatial axis
1796 C ystp - transverse spatial axis interval
1791 C yml y-coordinate lower limit
1792 C y 2 t y-coordinate upper limit
1793 C zbot - logarithmic data cutoff
1794 C zincr * special contour separation
1795 C zlev - integral power of 18 next to data maximum

- 1796 C zmax - data maximum
1797 C zplane - reference level for contours
1798 C zval - value of i-coordinate of current data/plot
1799 C
1806 c
1861 PARAMETER (NT-256,NTP"NT+I.NX-8.NY-128.NYP-NY+1,NYTP-NYP*NTP)
1802 C
1863 IMPLICIT COMPLEX(A-E.,Q)
1864 DIMENSION ISRF(8 ITYPE(8).LENEL(B),CSEC(19NX).RTYPE(8)
1885 1 SRF(NTPNYP).SRFI(NTPNYP),SRFSEO(NYTP).XDUM(2).YDUM(2)
1866 COMMON /GRAPHS/ ILN.ISHM.ISRFITYPE.LEVEL.NDEC.NHYP.NSEC.CSEC.
1867 1 GRFSZ,PI.RTYPE.SRF.SRFITMAX.TORIG,TSTP,YFMAX.YFORIG,
18e8 2 YFSTP,YMAXYORIG.YSTP.WFMAXWFORIGWFSTP.ZOTZMAXZSTEP,
1869 3 ZVAL
1816 COMMON /NUM/ RDT,RDY.ROYF.TM1.TM2.YM1,YM2.YM2MI
1811 COMMON WORK(25608)
1812 EQUIVALENCE (SRF.SRFSEQ)
1813 C

* 1814 C - NO CONTOURING IN ONE DIMENSIONAL CASES
1815 IF (NT.LE.8.OR.NY.LE.8) RETURN
181 C
1817 C - TOGGLE LABELLING DEPENDING ON SIGN OF KSRF
1818 LABL-LABELS'
1819 IF (KSRF.LT.S) LABL-'NOLABELS'
1826 KSRF-ABS(KSRF)
1821 C

* 1822 C - SURFACE DATA
1823 C - MAKE DATA ARRAY SYMMETRIC TO OBTAIN AXIS LABELS ('NICE-) AT AXIS END
1824 DO 20 13-1,NT
1825 SRF(13 .NYP)-SRF(13.1)
1826 206 CONTINUE
1827 DO 216 12-1,NY
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1828 SRF(NTP. 12)-SRF(1. 12)
1829 216 CONTINUE
1830 C
1831 C - FIND DATA MAXIMUM. ITS INTEGRAL POWER OF TEN AND CORRESPONDING
1832 C MANTISSA
1833 ZMAX-SRFSEQ(ISMAX(NYTP-1 .SRFSEQ.1))
1834 IF(ZMAX.LE.60) THEN
1835 WRITEk (59..) 'arning: ZMAX IS ZERO OR NEGATIVE WHEN KSRF i'

1836 1 ;SRF
1837 RETURN
1838 ENDIF
1839 c
1846 C - DETERMINE LOWER DATA CUTOFF
1841 ZLEV-10.0*.INT (ALOG16(ZMAX)
1842 ZBOT;(INT(ZMAX/ZLEVf)+8.5)* ZLEV/1S.0**NDEC
1843 IF(ZBOT.LE.6.6 WRITE (59..) :warning: ZBOT IS ZERO OR NEGATIVE,
1844 1 *WHEN KSRF - '.KSRF
1845 SRF(NTP.NYP)-ZBOT
1846 C
1847 C - START A NEW GRAPHICS FRAME FOR THIS CONTOUR PLOT
1848 CALL RESET ('ALL')
1849 CALL INTAXS

*1850 CALL AREA2D(GRFSZ.GRFSZ)
Ia185 C
1852 C - HEADLINE. LABELS, AND COORDINATE SYSTEM
1853 GO TO (211,212,213.214.215.216.217.218) KSRF
1854 211 CALL HEADIN('TRANSIENT RAMAN: P6UMP (PWR)$ '.100.1.5,1)
1855 GO TO 222
1858 212 CALL HEADIN('TRANSIENT RAMAN: PUMP (FFT. PWR)$'.160,1.5.1)
1857 GO TO 222
1858 213 CALL HEADIN('TRANSIENT RAMAN: STOKES (PWR)S'.166,1.5.1)
1859 GO TO 222

*1860 214 CALL HEADIN('TRANSIENT RAMAN: STOKES (FFT, PWR)$'.160.1.5.1)
1861 GO TO 222
1862 215 CALL HEADIN('TRANSIENT RAMAN: MATERIAL EXCITATIONS',160,1.5,1)

*1863 GO TO 222
*1864 216 1CALL HEAIN'TANSIENT RAMAN: MATERIAL EXCITATION (FFT)S'.

1866 GO TO 222
1867 217 CALL HEADIN('TRANSIENT RAMAN: PUMP AND STOKES (PWR)S'.100.1.5.1)
1868 GO TO 222
1869 218 CALL HEADIN( 'TRANSIENT RAMAN: PUMP AND STOKES (FFT. PWR)$'.
1870 1 166.1.5,1)
1871 222 CONTINUE
1872 CALL MESSAG('Z - $1.100.5.9.7.1)
1873 IPLACE-2
1874 IF (ASS(ZVAL) .GT.9999.0.OR.ABS(ZVAL).LT.S.61) IPLACE-2
1875 CALL REAlLNO( ZVAL.IPLACE.6.4.7.1)
1876 CALL XNAME('TIME (PICO-SECONDS )S'.10)
1877 IF(KSRF.EQ.2.OR.KSRF.EQ.4.OR.KSRF.EQ.6.OR.KSRF.EQ.8) THEN
1878 CALL YNONUM
1879 CALL YTICKS'(6)
1886 VORIGinYFORI G
1881 VSTP-YFSTP
1882 VMAX-YFMAX
1883 ELSE

*1884 CALL YNAME ('Y-DIMENSION (CM)S'.166)
1885 VORIG-YORIG
1886 VSTP-YSTP
1887 VMAX-YMAX
1888 C
1889 C - AXIS LINE AND TICKMARKS ON THE RIGHT IN NO-FFT PLOTS
1896 NTIK-NINT((VMAX-VORIG)/VSTP)
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1891 XDUM~lj-TMAX-(TMAX-TORIG)/50.6

1893 YDMwVORIG
1894 DO 225 ITK-1.NTIK-1
1895 YDM-YDM+VSTP
1896 YDUM(1)-YDM
1897 YDUM (2) -YOU
1898 CALL CURVE(XDUM.YDUM.2,9)
1899 225 CONTINUE
1900 ENDIF
1961 CALL GRAF(TORIG.TSTP.TMAX.VORIGVSTP.VUAX)
1962 C
1963 C -COMPLETE COORDINATE FRAME AND TICKUARKS
1964 NTIK-NINT((TMAX-TORIG)/TSTP)
1905 YDUM(1)-VMAX
1966 YDUU (2) -VMAX-(VMAX-VORIG)/56.6
1907 XDM-TMAX
1908 DO 226 ITK-1,NTIK-1
1969 XDM-XDM-TSTP
1916 XDUM(1)-XDM
1911 XDUM(2)-XDM
1912 CALL CURVE(XDUM.YDUM.2.0)
1913 226 CONTINUE
1914 XDUU1 (1-TORIG
1915 XDUM(2)mTMAX

I1918 YDUM 1 -VMAX
1917 YDUM (2)1-VMAX
1918 CALL CURVE(XDUMYDUM.2,6)
1919 XSUU(1)-TMAX
1926 xDUM ()-TMAX
1921 YDU(1MI VMAX
1922 YDUM(2)-VORIG
1923 CALL CURVE (XDUM,YDUM.2.6)

Io1924 XDUM(I)-TORIG
1925 xOU(2-TORIG
1926 YDUU(I)mVUAX
1927 YDUM (2)-VORIG
1928 CALL CURVE(XDUM.YDUM,2.6)
1929 C
1936 C -PREPARE CONTOUR FINDING
1931 CALL SCOMON (25669)
1932 CALL CONANG (96.6)
1933 CALL PSPLIN
1934 C
1935 C -DRAW HALF-HEIGHT CONTOUR WITH LINE TYPE SPECIFIED IN
1938 C SUBROUTINE MYCON
1937 IF(ISNlM.EQ.1.OR.ISHd.EQ.-1) THEN
1938 ZPLANE-6.1 .ZUAX
1939 ZINCR-8.6.ZPLANE
1946 IF (ISHM.EQ.-1) THEN
1941 ZINCR-ZINCR*(1.6-1.6E-5)

4 1942 ELSE
1943 ZINCR-ZINCR.(1 .6+1 .6E-5)
1944 ENDIF
1945 CALL ZBASE(ZPLANE)
1946 CALL CONIMAK SRF,NTP.NYP.ZINCR)
1947 CALCNLIN 6.MYCON'.'NOLABELS'.1.5)
1948 CALL CONTUR I.'NOLABELS.DRAW-)
1949 ZPLANEO6.5*lMAX
1956 ZINCR-ZPLANE
1951 IF (ISHM.EQ.-I) THEN
1952 ZINCRmZINCR.(1 .6-1 .E-5)
1953 ELSE
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1954 ZINCR-ZINCR.(1 .6+1 .SE-5)
1955 ENDIF
1956 CALL ZBASE(ZPLANE)
1957 CALL CONMAK(SRF.NTP.NYP.ZINCR)
1958 CALL CONLIN e.*MYCON'.NOLAELS'.1.5)
1959 CALL CONTUR (12*NOLABELS','DRAW')
1960 ENDIF
1961 C
1962 C -REPLACE ALL DATA SMALLER THAN THE CUTOFF ZBOT BY ZBOT
1963 C TO ELIMINATE UNDESIRED LOGARITHMIC CONTOURS
1964 DO 236 12-I .NYP
1965 DO 236 I3-1.NTP
1966 SRF(13.12)-MAX(ZBOT.SRF(I3.I2))
1987 C
1968 C - REPLACE ALL DATA BY THEIR DECADIC: LOGARITHM FOR LOGARITHMIC INCREMENTS
1969 C BETWEEN CONTOURS
1970 SRF(13. 12)-ALOG18(SRF(I3,I2))
1971 236 CONT INUE
1972 C

V1973 C - COMPUTE AND DRAW A SOLID CONTOUR LINE EVERY INTEGER STARTING AT ZERO
1974 ZPLANE-6.0
1975 CALL ZBASE(ZPLANE)
1976 CALL CONLIN(@6'SOLID,.LABL 2.8)
1977 CALL CONMAK(SRF.NTP :NYP.11.6
1978 CALL CONTUR( 1.LABL. DRAW-)

*1979 C
1960 C -COMPUTE AND DRAW A DASHED CONTOUR LINE EVERY INTEGER STARTING AT EVERY
1961 C LOGARITHM OF THE ELEMENTS OF THE VECTOR LEVEL
1982 CALL CONLIN(.'DASH.'NOLAELS'.1.3)
1983 DO 246 LV-1.ILN
1984 ZPLANEmALOGIO(FLOAT(LEVEL(LV)))
1985 CALL ZBASE(ZPLANE)
1986 CALL CONMAK(SRF.NTP.NYP.1.0)
1987 CALL CONTUR( 1,'NOLABELS'.'DRAW')
1988 246 CONTINUE

d1989 C
1990 C - SPECIAL AXIS AND LABEL FOR FFT COORDINATE
1991 IF ((KSRF.EQ.2.OR.KSRF.EQ.4.OR.KSRF.EQ.6.OR.KSRF.EQ.8)
1992 1 .AND.NY.GT.8) CALL XISFFT(Y'.TORIG.TMAX)
1993 CALL ENDPL(S)
1994 RETURN
1995 END
1996 c
1997 c
1998 c

~1/.1999 c
2666 SUBROUTINE UYCON(DUMMY.IDUMMY)
2601 C
2662 C This subroutine makes a customized dotted contourline as described
2663 C in the DISSPLA manual.
2664 c

*2665 DIMENSION RATRAY(2)
2006 TLENG-0.14
2607 NMRKSP-2
2668 RATRAY1-1.0/6.6
2069 RATRA (2.5.0/6.6
2610 CALL MRSCO(TLENG.NMRKSPRATRAY)

N..2611 RETURN
2612 END

*2613 c
2614 c
2615 c
2616 c
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2017 SUBROUTINE XISFFT(OORD.YMNDMY.YMXDMY)
2018 c
2019 C This subroutine calculates the values for the call x/y-graxs which
2020 C labels the axis of the FFT-variable.
2021 c
2022 C grfuz - physical size of graphics plots
2023 C tmax - value at end of time axis
2024 C torng - value at beginning of time axis
2025 C tstp - time axle interval
2026 C wfmax - nice spatial FFT axis end value
2027 C wforig - nice spatial FFT axis beginning value
2028 C wfstp - nice spatial FFT axis interval
2029 C yfmax - value at end of spatial FFT axis
2030 C yforig - value at beginning of spatial FFT axis
2031 C yfetp - spatial FFT axis Interval
2032 C ymax * value at end of transverse spatial axis
2033 C yorig - value at beginning of transverse spatial axis
2034 C yetp - transverse spatial axis interval
2035 C uaxor - x- or y-distance of secondary axis from physical origin
2036 C udiff - difference of original axl end values
2037 C ulnth - length of customized axis in inches
2038 C vaxor - x- or y-distance of secondary axis form physical origin
2039 C xdum - dummy variable holding the x-coordinate of two points
2040 C ydum - dummy variable holding the y-coordinate of two points
2041 c

*42042 PARAMETER (NT-256,NTP-NT+l,NX-8.NY-128.NYP-NY+1)
2043 C
2044 IMPLICIT COMPLEX(A-E.O)
2045 DIMENSION ISRF() .ITYPE(8).LEVEL(O) CSEC(19.NX) RTYPE(8).
2046 1 SRF(NTPNYP).SRFI(NTPNYP.XDUM(2),YUM(2)
2047 COMMON /GRAPHS/ ILN,ISHMISRF.ITYPELEVEL.NDEC.NHYP,NSEC.CSEC.
2048 1 GRFSZPIRTYPE.SRF.SRFI.TMAX.TORIG.TSTP.YFMAX.YFORIG.
2049 2 YFSTPYMAX.YORIGYSTPWFMAX.WFORIG.WFSTP.ZBOT.ZMAX,ZSTEP.
2050 3 ZVAL
2051 C
2052 C - NO FFT-AXIS IN ONE-DIMENSIONAL TRANSIENT CASE
2053 IF (NY.LE.8) THEN
2054 WRITE (59,e) 'NO FFT-AXIS WHEN NY.LE.8'
2055 RETURN
2056 ENDIF

N 2057 C
2058 C - WARNING NOT ONE INTERVAL FITS BETWEEN EXTREMA
2059 IF (WFORIG+WFSTP.GE.WFMAX) WRITE (59.) 'AXIS ON FFT PLOTS WRONG'
2060 C
2061 C - COMPUTE AXIS LENGTH AND ORIGIN
2062 UDIFF-YFMAX-YFORIG
2063 ULNTH-GRFSZ.(WFMAX-WFORIG)/UDIFF
2064 UAXOR-GRFSZ*(WFORIG-YFORIG)/UDIFF
2065 VAXOR-6.0

*. 2066 ORD-Y'
2067 IF (OORD.EQ.ORD) THEN

* 2068 C
2069 C - Y-AXIS (IN CONTOUR PLOTS)
2070 C
2071 C - YAXIS TICKMARKS ON THE RIGHT
2072 NTIK-NINT((WFMAX-WFORIG) /WFSTP)
2073 XDUM(1)-TMAX-(TMAX-TORIG)/5.0
2074 XDUM (2) -TMAX
2075 YDMWFORIG-WFSTP

* 2676 DO 250 ITK-1.NTIK+1
2677 YDM.YDM+WFSTP
2078 YDUM(1)-YDM
2079 YDUM(2)-YDM

-9
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2080 CALL CURVE(XDUM.YDUM.2.6)
* 2081 250 CONTINUE

2682 CALL RESET('YNONUM')
2083 CALL RESET ('YTICKS-)
2684 CALL YGRAX (WFORIG.WFSTP.WFMAX.ULNTH.
2085 1 'INVERSE WAVE lENGTH (1/CM)$'.108.VAXORUAXOR)
2086 ELSE
2087 WRITE (59.o)'A FFT'
2688 C
2089 C - X-AXIS (IN CROSS SECTIONAL PLOTS)
2698 CALL RESET('XNONUM')
2691 CALL RESET('XTICKS)
2692 C
2693 C - DRAW LINE FOR AXIS
2694 XDUM (1) -YFORIG
2695 XDUM (2)-YFMAX
2096 YDUM(1)-YMNDMY
2697 YDUM(2)-YMNDMY
2698 CALL CURVE(XDUM.YDUM.2.)
2699 WRITE (59.)'8 FFT'
2166 C
2161 C - YAXIS TICKMARKS ON THE RIGHT
2162 NTIK-NINT((WFMAX-WFORIG)/WFSTP)
2163 WRITE (59.)'C FFT'
2164 YDUM (1) -YMXDMY- (YMXDMY-YMNDMY)/56.6
2165 YDUM(2)-YMXOMY
2168 XDM-WFORIG-WFSTP
2167 DO 255 ITK-I.NTIK+
2168 XDM.XDM+WFSTP
2169 XDUM(1)MXDM
2116 XDUM( 2)-XDM
2111 CALL CURVE(XDUMYDUM.2.)

* 2112 255 CONTINUE
2113 WRITE (59.*)'D FFT'
2114 C
2115 C - DRAW CUSTOMIZED TICK MARKS
2116 CALL XGRAXS(WFORIG.WFSTP.WFMAX.ULNTH.
2117 1 'INVERSE WAVE LENGTH (1/CM)$',10,UAXOR.VAXOR)
2118 ENDIF
2119 RETURN
2126 END
2121 c
2122 c
2123 c
2124 c
2125 SUBROUTINE CRSSCT(MSRF)
2126 c
2127 C This subroutine was written by Godehard Hilfer (3/87). It generates
2128 C cross sectional plots of the data in the two dimensional array(s)
2129 C orf (srfl).
2136 c
2131 C Three types of cross sectional plots are available: intensity plots
2132 C (following statement label 30). phase plots, and amplitude plots
2133 C (both following statement label 466). When intensity cross sections
2134 C are called for. this subroutine executes do-loop 396 that does all

6% 2135 C cross sections specified in row merf of array cseC and thereafter
2136 C returns control to the main program. When phase or amplitue cross
2137 C sections are called for, this subroutine executes do-loop 490 which
2138 C generates all phase sections specified in row msrf of array csec.

* 2139 C Immediately afterwards do-loop 590 is executed which generates all
2146 C amplitude cross sections that are specified in row msrf+1 of array
2141 C csec. After this control is returned to the main program.

q 2142 c

A
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2143 C Each type of cross sections is prepared in a similar fashion. In
2144 C the case of one dimensional data (ny or nt less than 9) only one
2145 C argument of the arrays srf and srfi is an independent variable
2146 C the other argument serves as a label to allow distinction between
2147 C up to eight one dimensional data sets. Which one of these eight
2148 C data sets is to be graphed is determined by the value of the real
2149 C part of the element of cseC under consideration (the imaginary
2150 C part is meaningless in these cases). When nt and ny are larger than
2151 C 8 srf and srfi contain one two-dimensional data set. a surface.
2152 C Which of the two free variables is to be held constant for
2153 C cross sectional plate is determined by the imaginary part of the
2154 C element of cseC under consideration. Therefore, in 2-d cases
2155 C the imaginary part of the current element of cseC is tested. If It
2156 C is 2.0 a horizontal cross section (second variable of array(s) srf
2157 C (erfi) fixed) follows, If it is 1.0 a vertical cross section (first
2158 C variable of array(s) srf (srfl) fixed) follows, otherwise the next
2159 C element of cseC will be considered in the same way. For the present
2166 C graph the headline and axis labels are written onto a new graphics
2161 C frame, the curve data are computed, the coordinate system is drawn
2162 C and finally the cross sectional curve itself. If the plot displays
2163 C FFT data the drawing of the FFT-axie that would be drawn by the call
2164 C graf will be suppressed in order to avoid the tick mark labels at the
2165 C very end of this axis which would exhibit messy numbers. In the
2166 C place of the suppressed axis a 'secondary' (DISSPLA nomenclature)
2167 C axis will be drawn immediately after the cross sectional curve

* 2168 C is drawn. This secondary axis exhibits 'nicely' valued tick marks.
2169 c
2170 C fhe cross sectional curves represent the functional values at the
2171 C grid point iseC that is clossest to the locations specified by the
2172 C real part of the current element of esec. While the data of the
2173 C intensity and amplitude plots are readily available from the
2174 C array(s) erf (erfi) the data for the phase sections have to be
2175 C calculated first by this subroutine.
2176 c
2177 C The phase data are calculated as follows. The field magnitude at the
2178 C fixed grid point seC Is computed. If its maximum is less than
2179 C 10 .(-38) the field information is determined unreliable and no
2188 C phase curve will be drawn. Furthermore all locations where the
2181 C magnitude is loss than the maximum magnitude divided by l9e8 are
2182 C determined as points of unreliable field Information and will
2183 C exhibit no phase curve point. The arctangent of the ratio of the
2184 C imaginary to real field amplitudes provides the raw phase data. It
2185 C is assumed that the numerical resolution of RAM2D1 is sufficient to
2186 C provide raw phase data that do not vary by more than +/- pi from
2187 C grid point to grid point. The first raw data point falls within
2188 C +/- pi of zero phase. All consecutive raw data points are tested if
2189 C they were reached by a phase change that implies a crossing of the
2190 C negative real axis of the amplitude vector in which case 2 p1 will
2191 C be added or subtracted to all following phase points depending on an
2192 C implied phase windup or wind-down. By this method phase variations
2193 C over multiples of 2 pi can be followed. In case of intermittened

* 2194 C unreliable data points th, next reliable phase is placed within the
2195 C some 2 pi interval as the Orevious reliable phase.
2196 c
2197 C -variables-
2198 c
2199 C cseC - 2-dim array with cross sectional information
220 c garfsz - physical size of graphics plots
2261 C isC - srf(i) grid point corresponds clossest to real part of
2262 C cesc
2203 C k - index in do-loops 390.496.590
2264 C ki - index in do-loops 328.375.410.460.510.528.555.56S
2205 C k2 - index in do-loops 330.386.411,465.536.565
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2206 C k3 - Index In do-loops 423.473
2267 C k4 - index in do-loops 429.475

2268 C kcnt - index when calculating and plotting phase data
2209 C Ipi - multiples of 2 pi counter
2216 C marf - index number of surface of which cross sections are drawn
2211 C nab - index of the first of a string of reliable phase data
2212 C points
2213 C non - index of the last of a string of relaible phase data points
2214 C necveC - data switch for subroutine nysxis
2215 C npointe - number of data points to be drawn
2216 C nseC - number of elements tested in rows of csec
2217 C neff - Index number of amplitude surface of which cross sections
2218 C are drawn
2219 C nt - see RAM2D1
2226 C ntp - nt+1
2221 C ny - see RAM2D1
2222 C nyhp - ny/2+1
2223 C ny; - ny+1
2224 C phaedf - test variable deciding phase axis interval
2225 C phasmx - phase axis end value
2226 C phasor - phase axis beginning value
2227 C phastp - phase axis Interval
2228 C phsmxi - integer clossest to phasmx
2229 C phsorl - integer clossest to phsorl
2236 C pi - 3.14159265358979 4
2231 C pslk - phase being tested for 2 pi interval
2232 C psip - previour phase referencing In 2 pi Interval test
2233 C rdt - step size in time
2234 C rdy - step size in transverse spatial variable y
2235 C rdyx - grid point spacing on horizontal axis
2236 C samem - array containing initial longitudinal invariant data
2237 C actold - last reliable phase before unreliable phase data
2238 C seci - imaginary part of current cseC element
2239 C secr - real part of current cseC element
2240 C secti - vector containing phase data or imaginary amplitude data
2241 C sectn vector containing intensity data, magnitude data. or real
2242 C amplitude data
2243 C srf - source data array from main program
2244 C srfi - source data array from main program (imaginary part)
2245 C tml - time coordinate lower limit
2246 C tm2 - time coordinate upper limit
2247 C tmax - value at end of time axis
2248 C torig - value at beginning of time axis
2249 C tetp - time axis interval
2256 C wfmax - nice spatial FFT axis end value
2251 C wforig - nice spatial FFT axis beginning value
2252 C wfetp - nice spatial FFT axis interval
2253 C wmax - nice vertical axis end value
2254 C worig - nice vertical axis beginning value
2255 C wetp - nice vertical axis Interval
2256 C yfmax - value at end of spatial FFT axis
2257 C yforig - value at beginning of spatial FFT axis
2258 C yfstp - spatial FFT axis interval
2259 C ymax - value at end of transverse spatial axis
2266 C yorig - value at beginning of transverse spatial axis
2261 C ystp - transverse spatial axis interval
2262 C xi - imaginary amplitude value
2263 C xmx - section maximum
2264 C xr - real amplitude value
2265 C xthreh - fraction of intensity below which data are considered

• 2266 C unreliable
2267 C xx - vector containing physical x-axis values for plotting
2268 C xdum - dummy variable holding the x-coordinate of two points
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2269 C ydum - dummy variable holding the y-ccordinate of two points
2270 C yl - y-coordinate lower limit2271 C ym2 - y-coordinate upper limit
2272 C ym2ml - ym2-yml
2273 C zval - current z-location
2274 C
2275 c
2276 PARAMETER (NP-IO.NT-256.NTP-NT+l.NX-8.NY-128.NYH-NY/2.NYHP-NYH+l.
2277 1 NYP-NY+I.NTPY-NT+NY)
2278 C
2279 IMPLICIT COMPLEX(A-E.QO
2280 DIMENSION ISRF(8).ITYPE(S).IWHEN(NYHP).LEVEL(e).CSEC(Ig.NX).
2281 1 PSMEM(NTPY.8),PPMEM(NTPY.8).RTYPE(8),SCMEM(NTPY.8).
2282 2 SECTI(NTPY).SECTJ (NTPY).SECTN(NTPY).SRF(NTP .NYP),
2283 3 SRFI(NTP.NYP).TIK(NY).XDUM(2).XX(NTPY),YDUM(2)
2284 COMMON /GRAPHS/ ILNISHMISRF !TYPE.LEVELNDECNHYP.NSECCSEC,
2285 1 GRFSZ.PI.RTYPE.SRFSRFI.TMAX.TORIG.TSTP,YFMAX.YFORIG,
2286 2 YFSTPYMAX,YORIG.YSTPWFMAX.WFORIG.WFSTP.ZBOT.ZMAXZSTEP,
2287 3 ZVAL
2288 COMMON /NUM/ RDT.RDY.RDYFTMI .TM2.YMI ,YM2,YM2MI
2289 COMMON WORK(25000)
2290 C
2291 C - ERROR CONDITIONS
2292 IF (MSRF.LT.1.OR.MSRF.GT.19) THEN
2293 WRITE (59.*) MSRF - ',MSRF.' IN CRSSCT OUT OF RANGE'

! "2294 RETURN
* 2295 ENDIF

2296 C
2297 IF (NY.LE.8) THEN
2298 GO TO (296.290.290, 280,280,28. 290.296.290,
2299 1 286.286,280, 290.290.290. 280.286.286. 290) MSRF
2300 280 RETURN
2301 290 CONTINUE
2302 ENDIF
2383 GO TO (30,400,400, 300,400.400, 36,400.400.
2304 1 300.406,400. 30.400.400. 30.400.400. 300) MSRF
2365 366 CONTINUE
2306 C
2367 C - CROSS SECTIONS OF INTENSITY SURFACES OR MATERIAL EXCITATION
2368 C
2309 C - CHECK EACH ELEMENT IN ROW MSRF OF ARRAY CSEC
2316 DO 390 K-i.NSEC
2311 SECR-REAL(CSEC(MSRF.K))
2312 C
2313 C - ONE-DIMENSIONAL CASES
2314 IF (NY.LE.8) THEN
2315 IF (SECR.LT.G.5.OR.SECR.GT.8.5) GO TO 396
2316 GO TO 310

A 2317 ELSE IF (NT.LE.8) THEN
, 2318 IF (SECR.LT.e.5.OR.SECR.GT.8.5) GO TO 396

2319 GO TO 340
2320 ENDIF
2321 C
2322 C - TWO DIMENSIONAL CASES; SECTION ONLY IF IMAGINARY PART OF CSEC-
2323 C ELEMENT IS EQUAL TO 1.0 OR 2.6;
2324 C OTHERWISE GO TO NEXT LOOP COUNTER K. I.E. NEXT ELEMENT OF LINE MSRF
2325 C IN ARRAY CSEC
2326 SECI-AIMAG(CSEC(MSRF, K))
2327 IF (SECI.GT.6.9.AND.SECI.LT.I.1) GO TO 346
2328 IF (SECI.GT.1.9.AND.SECI.LT.2.1) GO TO 316

* 2329 GO TO 390
2330 310 CONTINUE
2331 C
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2332 C -HORIZONTAL CROSS SECTION (SECOND ARGUMENT OF SRF FIXED); INTENSITY
2333 C
2334 C -START A NEW GRAPHICS FRAME FOR THIS CROSS SECTION
2335 CALL RESET('ALL)
2336 CALL AREA2D(GRF;Z.GRFSZ)
2337 CALL INTAXS
2338 C
2339 C - HEADLINE. LABELS. AND PARAMETER
2346 GO TO (311.396.396. 312.396.396. 313.396.396.
2341 1 314.396.396. 315,398.396. 316.396,396. 317) MSRF
2342 311 CALL HEADIN('RAMAN PUMP: INTENSITY$V.166.1.5,1)
2343 GO TO 321
2344 312 CALL HEADIN('RAMAN PUMP: MODE INTENSITYS'.166.1.5.1)
2345 GO TO 321
2346 313 CALL HEADIN('RAMAN STOKES: INTENSITYS'.166.1.5.1)
2347 GO TO 321
2348 314 CALL HEADIN('RAMAAN STOKES: MODE INTENSITYS'.166.1.5,1)Q
2349 GO TO 321
2356 315 CALL HEADIN('RAMAN MAT. EXC.: INTENSITY$',166.1.5.1)
2351 GO TO 321
2352 316 CALL HEADIN('RAMAN MAT. EXC.: MODE INTENSITYS'166,01.5,1)
2353 GO TO 321
2354 317 CALL HEADIN('RAMAN AMPLIFIER Z-INVARIANTS'.166.1.5.1)
2355 321 CONTINUE
2356 CALL MESSAG('Z - S'.10,5.9.7.1)
2357 IPLACE-2

* 2358 IF (ABS(ZVAL) .GT.9999.6.OR.ABS(ZVAL).LT.6.61) IPLACE-2
-a -2359 CALL REALNO(ZVALIPLACE.6.4.7.1)

2360 CALL XNAME( TIME (PICO-SECONDS)S$ .16)
2361 IF (MSRF.EO.4.OR.MSRF.EO.16.OR.MSRF.EQ.16) THEN
2362 CALL YNAME( 'INTENSITY IN MODE KY$V.166
2363 CALL MESSAG('KY - $*.106.4.2.7.1)
2364 IPLACE-2
2365 IF (ABS(SECR).GT.9999.0.OR.ABS(SECR).LT.6.61) IPLACE-2
2366 CALL REALNO( SECR.IPLACE.4.7.7.1)
2367 CALL MESSAG( '2 - DIM.S'.166.5.9.7.35)
2368 ISEC-INT((S ECR+NYHP/YM2MI ).YM2M1)
2369 ELSE
2376 IF (MSRF.EQ.19.) THEN
2371 CALL YNAME(' LONGITUDINAL INVARIANT$'.166)
2372 IF (ZVAL.GT.ZSTEP) THEN
2373 CALL MESSAG('DASHED - INVARIANT AT Z-6S'.166.6.1.7.35)
2374 ENDIF
2375 ELSE NTNIY'lO
2376 CALL YNAME(INESTSU0
2377 ENDIF
2378 IF (NY.LE.8) THEN
2379 ISEC-NINT(SECR)
2386 GO TO (322.323.324.325) ITYPE (ISEC)
2361 322 CALL M SSAG('SEC-HYPERB. . EXP - $',196.6.1,7.1)

*2362 GO TO 326
*2383 323 CALL MESSAG('RECTANGULAR$ .106.6.1 .7.1)

2384 GO TO 326
2385 324 CALL MESSAG('LORENTZIAN .EXP - V106171
2386 GO TO 326
2387 325 CALL MESSAG('EXPONENTIAL .EXP - $V.166.6.1.7.1)
2388 326 CONTINUE
2389 IF (ITYPE(ISEC).NE.2) THEN
2396 XRTYPE-RTYPE (ISEC)
2391 IPLACE-2

*2392 IF (ABS(XRTYPE).GT.9999.6.OR.ABS(XRTYPE).LT.6.61)
2393 1 IPLACE-2
2394 CALL REALNO(XRTYPE.IPLACE.2.4.7.1)
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2395 ENDIF
2396 IF (NY.GT.1) THEN
2397 CALL MESSAG(QCASE$S.10.4.0.7.1)
2398 CALL INTNO(ISEC.4.7.7.1)
2399 ENDIF
2460 CALL MESSAG(1 - D TRA.$V.100.5.9.7.35)

-\2401 ELSE
2402 CALL MESSAG('Y -$'.10.4.2.7.1)
2403 IPLACE-2
2404 IF (ABS(SECR).GT.9999.6.OR.ADS(SECR).LT.e.01) IPLACE-2

*2465 CALL REALNO(SECR.IPLACE.4.7.7.1) 52406 CALL MESSAG( 2 - DIU.$V.160.5.9.7.3)
2407 ISEC-INT((S CR+ROY.NYHP)/RDY)
2468 ENDIF
2409 ENDIF
2416 C
2411 C -CROSS SECTION DATA
2412 DO 327 K1-1.NT
2413 SECTN(K1 )-SRFQ I.ISEC)

4-2414 XX(K1)-TU1+RDT*(K1-1)
2415 327 CONTINUE
2416 C
2417 C - TOTAL INTENSITY INTEGRAL IN 1-D
2418 IF (NY .LE.8) THEN
2419 TOT 1-6.0

A~.2426 DO 329 KI-I.NT
0 2421 TOTIeTOTI+SECTN(KI)

2422 329 CONTINUE
2423 TOTI-TOTl*RDT
2424 IF (ZVAL.LT.ZSTEP) THEN
2425 C
2426 C -INTEGRAL VALUE ONTO GRAPH WHEN Z-0
2427 IF (MSRF.EO.1.AND.TOTI.GT.0) THEN
2428 TTPSTOwTOTI

nl2429 CALL UESSAGQ INTEGRAL- S.66 67
24-30 IPLACE-4
2431 IF (TOTI.GT.9999.6.OR.TOTI.LT.e.01) IPLACE--2
2432 CALL REALNO(TOTI .IPLACE. 1.4.6.7)
2433 ENDIF
2434 IF MSFE.AN.OIG80)THEN
2435 TSwTOTI
2436 CALL MESSAG( INTEGRAL- $S.100,0.1.6.7)
2437 IPLACE-4
2438 IF (TOTI.GT.9999.0.OR.TOTI.LT.e.01) IPLACE-2
2439 CALL REALNO(TOTIIPLACE.1.4.6.7)
2446 ENDIF
2441 IF (MSRF.EO.7) TTSSTO-TOTI
2442 ELSE
2443 C
2444 C -DEPLETION/GAIN VALUE ONTO GRAPH WHEN Z>9
2448 IF 4MRFE~lAD.ST OG T .. 0) THEN

* ~~2447 CALL MESSAG(QDEPLETION- $160167
2448 IPLACE-4
2440 IF (RINTEG.GT.9090.OR.RINTEC.LT .01) IPLACE-2
2450 CALL REALNO(RINTEG.IPLACE,1.4.6.7)
2451 ENDIFv2452 IF (MSRF.EO.7.ANlD.TTSSTO.GT.6.0) THEN
2453 RINTEG-TOTI/TTSSTO

e2454 CALL MESSAG('GAIN- S106167
*2455 IPLACE-4

2456 IF (RINTEG.GT.9999.6.OR.RINTEG.LT.e.61) IPLACE-2
2457 CALL REALNO(RINTEG.IPLACE.6.7.6.7)

mo.
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2456 ENDIF
2459 ENDIF
2460 ENDIF

a2461 C
*2462 C -MEMORIZE INVARIANT AT Z-9

2463 IF (MSRF.EQ.19.AND.ZVAL.LT.ZSTEP) THEN
2464 DO 335 KlI-l.NT
2465 SCUEM(IIK)mSECTN(K1)
2466 335 CONTINUE
2467 ENDIF
2466 C
2469 C - DRAW COORDINATE SYSTEM
2476 NIECLECwI
2471 WSTP-1.
2472 WORIG-0.0
2473 CALL NYSXIS(SECTN.NT.NECLEC.WOR[G.WSTPWMAX)
2474 CALL GRAF(TORIG.TSTP.TMAX.WORIGWSTP,WUAX)
2475 C
2476 C -COMPLETE COORDINATE FRAME AND TICKMARKS
2477 XDUM (1 -TORIG
2478 XDUM 2-TMAX
2479 YDUM(I)-WMAX
2486 YDUM (2)1-WMAX
2481 CALL CURVE (XDUM.YDUM.2.S)
2482 NTIK 1N1N11 (.MAX-TORIG )/TITP)
2483 YDUM (I ) WMA

* 2484 YDUM (2) -WMA-(MAX-WNORIG)/50.0
2485 XDM-TORIG
2486 DO 336 ITK-1,NTIK-1
2487 XDM-XDM4TSTP
2486 XDUM(1)u'XDM
2489 XDUM (2) XDM
2490 CALL CURVE(XDUM.YDUM.2.0)
2491 336 CONTINUE
2492 XDUM(;)mTMAX
2493 XDUU -TUAX
2494 YDUU I =WUAX
2495 YDUM1(2) -WORIG
2496 CALL CURVE(XDUM.YDUM2.0)
2497 NTIK-NINT((WMAX-WORI G)/WSTP)
2498 XDU (1)-TU1AX-(TMAX-TOR 10)/56.6
2499 XDUM2)TMAX
250 YDM-OIG
2501 DO 337 ITK-1.NTIK-1
2502 YDM-YDM+WSTP
2563 YDUM (1-You
2564 YDUM (2 )Vm
2505 CALL CURVE(XDUM.YDUM,2.0)
2506 337 CONTINUE
2507 C
2508 C - DRAW CROSS SECTION CURVE
2509 NPOINTS-NT
2510 CALL CURVE(XXSECTN,NPOINTS.0)
2511 C
2512 C - DRAW Z-0 INVARIANT FOR COMPARISON
2513 itF (MSRF.EQ.19.ANO.ZVAL.GT.ZSTEP) THEN
2514 DO 338 KW-.NT
2515 SECTN(Ki)-SCMEM(KC1 K)
2516 338 CONTINUE
2517 CALL DASH

* 2518 CALL CURVE (XXSECTN.NPOINTS,O)
2519 CALL RESET ('DASH)
2520 ENDIF
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2521 C
2522 C - END OF PLOT
2523 CALL ENOPL(6)
2524 GO TO 39642525 346 CONTINUE
2528 C
2527 C - VERTICAL CROSS SECTION ( FIRST VARIABLE FIXED IN SRF); INTENSITY
2528 C
2529 C - START A NEW GRAPHICS FRAME FOR THIS CROSS SECTION
2536 CALL RESET('ALL)
2531 CALL AREA2D(GRFSZ .GRFSZ)'32532 CALL INTAXS
2533 C
2534 C - HEADLINE. LABELS AND PARAMETER
2536 1O TO J355.390,396. 35.30,396. 357.396.390.

2536 1 8,390.390. 359.390,396. 366.396.396. 361) MSRF
2537 355 CALL HEADIN('RAMAN PUMP: INTENSITYS'.106.1.S.1)
2538 GO TO 371
2539 356 CALL HEADIN('RAMAN PUMP: INTENSITY (FFT)S'.106.1.5.1)

.1e 2546 GO TO 371
2541 357 CALL HEADIN('RAMAN STOK(ES: INTENSITY$'.166.1.5.1)
2542 GO TO 371
2543 358 CALL HEADIN('RAUAN STOKES: INTENSITY (FFT)$'.160.1.5.1)
2544 GO TO 371

A2545 359 CALL HEADIN('RAMAN MAT. EXC.: INTENSITY$P.100.1.5.1)
2546 GO TO 371

02547 360 CALL HEADIN('RAMAN MAT. EXC.: INTENSITY (FFT)$'.160.1.5,1)
2548 GO TO 371
2549 361 CALL HEADIN('RAMAN LONGITUDINAL INVARIANT$'.166.1.5.i)
2556 371 CONTINUE
2551 CALL MESSAG('Z $'10597)

*2552 IPLACE-2
* 2553 IF (A55(ZVAL) .GT.9999.6.OR.ABS(ZVAL).LT.0.01) IPLACEm-2

2554 CALL REA LNO( ZVAL.IPLACE.6.4.7.1)
2555 IF (MSRF.EQ.A.OR.MSRF.EQ.19.OR.MSRF.EO.16) THEN

*2556 CALL XNONUM
2557 CALL XTICKS(6)
2558 CALL YNAME('FFT INTENSITY$'.166)
2559 RDYX-RDYF
2566 XORIG-YFORIG
2561 XSTP-YFSTP
2562 XMAX-YFMAX
2563 ELSE
2564 CALL XNAME('Y-DIMENSION (CM)S .166)
2585 IF (MSRF.EQ.19.) THEN
2566 CALL YNAME( *LONITUDINAL INVARIANT$*.166)
2567 IF (ZVAL.GT .ZSTEP) THEN
2568 CALL MESSAG('DASHED - INVARIANT AT Z-0$.166.6.1.7.35)
2569 ENDI?

42576 ELSE
2571 CALL YNAME('INTENSITYSV.106)
2572 ENDI?
2573 RDYX-RDY
2574 XORIG-YORIG

a',2575 XSTP=YSTP
2576 XMAX-YMAX
2577 ENDIF
2578 IF (NT.LE .8) THEN
2579 ISEC-NINT (SECR)

-' ~~2586 CALL MESSAG('EXPON., NHYP $.16..7)
*2561 CALL INTNO(NHYP.2.0 7.11)

2582 CALL MESSAO( '1 - D STA. S .166.5.9.7.35)
2583 IF (NT.GT.1) THEN
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2584 CALL MESSAG('CAES' .10S.4.d.7.1)
2585 CALL I NTNO(ISEC.4.7.7.1)
2586 ENDIF
2587 ELSE
2586 ISEC-INT((SECR4RDT;(NT/2+1) )/ROT)2589 CALL MESSAG('T - V.100.4.2.7.1)
2590 IPLACE-2
2591 IF (ABS(SECR).GT.9999.6.OR.ABS(SECR).LT.3.01) IPLACE-2
2592 CALL REALNO(SECR.IPLACE.4.7,7.1)
2593 CALL MESSAG( '2 - OIM.$'.100.5.9.7.35)
2594 ENDIF
2595 C
2596 C -CROSS SECTION DATA
2597 DO 373 Kl-1.NY
2598 SECTN(K1)-SRF ISEC.K1)
2599 XX(K1)-XORIG+RDYX*(K1-1)
2666 373 CONTINUE
2601 C
2602 C - TOTAL INTENSITY INTEGRAL IN 1-D
2663 IF (NT.LE.6) THEN
2664 TOTI-6.6
2605 DO 374 KlI:l.NY
2606 TOTI-TOTI SECTN(Kl)
2607 374 CONTINUE
2668 TOTI-TOTIsROY
2669 IF (ZVAL.LT.ZSTEP) THEN

*2610 C
2611 C -INTEGRAL VALUE ONTO GRAPH WHEN Z-0
2612 IF (MSRF.EQ.1.AND.TOTI.GT.6.6) THEN
2613 TTPSTO-TOTI
2614 CALL UESSAG('INTEGRAL- $,10.9.1.6.7)
2615 IPLACE-4
2616 -IF (TOTI.GT.9999.9.OR.TOTI.LT.6.el) IPLACE-2
2617 CALL REALNO(TOTI.IPLACE.1.4.6.7)
2616 ENDIF
2619 IF (MSRF.EQ.7.AND.TOTI.GT.6.6) THEN
2626 TTSSTO-TOTI
2621 CALL UESSAG('INTEGRAL- $',190.0.1.6.7)
2622 IPLACE-4

~II2623 IF (TOTI.GT.9999.0.OR.TOTI.LT.e.e1) IPLACE-2
2624 CALL REALNO(TOTI.IPLACE.1.4,6.7)
2625 ENOIF
2626 IF (MSRF.EQ.7) TTSSTO-TOTI
2627 ELSE
2626 C
2629 C -DEPLETION/GAIN VALUE ONTO GRAPH WH4EN Z>9
2636 IF (MSRF.EQ.1.AND.TTPSTO.GT.6.6) THEN
2631 RINTEG-TOTI/TTPSTO
2632 CALL MESSAG('DEPLETION- V166167
2633 IPLACE-4

2634IF (RNE.T99..RRNE.TS0)IPLACE-2
2635 CALL REALNO(RINTEG.IPLACE.1.4.6.7)

*2636 ENDIF
2637 IF (MSRF.EQ.7.AND.TTSSTO.GT.O.6) THEN
2636 RINTEG,-TOTI/TTSSTO
2639 CALL MESSAG('GAIN- V166167
2646 IPLACE-4
2641 IF (RINTEG.GT.9999.6.OR.RINTEG.LT.6.el) IPLACE-2
2642 CALL REALNO(RINTEG.IPLACE.6.7.6.7)

V2643 ENDIF
*2644 ENDIF

2645 ENDIF
2646 C
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2647 C - MEMORIZE INVARIANT AT Z-8S
2646 IF (MSRF.EQ.19.AND.ZVAL.LT.ZSTEP) THEN
2649 DO 375 K1-1.NY
2650 SCMEM(K1 .K)-SECTN(K1)
2651 375 CONTINUE
2652 ENDIF
2653 IF (MSRF.EQ.1o) THEN
2654 C
2655 C - COMPUTE TOTAL INTENSITY OF STOKES BEAM IN K-SPACE
2656 TIK (1)-e.G
2657 DO 375 J-2.NY
2658 TIK Cj)-TIK(J-1)4.SECTN(J)*RDYF
2659 376 CONTINUE
2666 TIKDMX-TIK(NY)
2661 WRITE (59..)' TIKBMX- '.TIKBMX
2662 CALL UESSAG(-TOT. INT. - $'.190.0.2,6.7)
2663 IPLACE-2
2664 IF (ABS(TIKBMX).GT.9999.0.OR.ABS(TIKBMX) .LT.9.01) IPLACE-2
2665 CALL REALNO(TIKBMX.IPLACE,.. .7)
2666 WRITE (59..)'TOTAL INTENSITY OF STOKES IN K- '.TIK8UX
2667 C
2668 C - COMPUTE K-WIDTH OF STOKES (LINEAR INTERPOLATION)
2669 0O 377 J-1.NY
2670 TIK CJ)-ABS((2.0.TIK(J)-TIKBMX)/TIKsMX)-2.0/PI

*2671 377 CONTINUE
2672 CALL WHENFLE(NY.TIK(1).1.6.6.IWHEN.NVAL)

* 2673 IWN1-IWHEN (1)4.JL-1
2674 IWN2-IWHEN (NYAL )+JL-1
2675 IF (IWN2-IWNI .LT.;4) THE N
2676 WRITE (5.*) 'INSUFFICIENT RESOLUTION FFT BEAM '.IB
2677 ENDIF
2678 WRITE (59.*)*IWHEN - '.I WHEN
2679 YKL-YFORIG+ADYF* IWNI+TIK (IWNI )/TIK (IWNI-8:)TIK (IWNI2686 YKlR-YFORIG+RDYF. ( WN2-TIK (IWN2)/(TIK( IWN2+1 )TIK( WN2))
2681 WDTHKB=YKR-YK L
282 CALL MESSAG(' K WIDTH - $'.190.4.2.6.7)
2683 IPLACE-2
2684 IF (ABS(WOTHKB) .GT.9999.0ORABSWOTHKO) .LT.0.01) IPLACE-24 2685 CALL REALNO(WDTHKO. IPLACE,5.6.6. 7
2686 ENDIF
2687 C
2688 C -DRAW COORDINATE SYSTEM
2689 NEC LEC-1
2690 WSTP-1.0
2691 WORIG-0.8
2692 CALL NYSXIS(SECTN.NY.NECLECWORIG.WSTP.WUAX)
2693 CALL GRAF(XORIG.XSTP.XMAX.WORIG.WSTP.WMAX)
2694 C
2695 C -COMPLETE COORDINATE FRAME AND TICKMARKS
2696 XDUM (1)-XORIG
2697 XDUM (2) -XMAX
2698 YDUM(1)~MX

* 2699 YDUM(2)-WMX
2700 CALL CURVE CXDUM.YDUM .2.0)
2701 IF (NY.GT. 8.AND. (MSRF.EQ.4.OR.MSRF.EQ.10.OR.MSRF.EQ.16)) GOTO 386
2702 NTIK-NINT((XMAX-XORIG)/XSTP)
2703 YDUM(1)--WMAX
2704 YDUM (2) -WMAX-(WMAX-WORIG)/50.0
2705 XDM-XOR 10
270 DO 378 ITK-1.NTIK-1
2707 XDM.XDM+XSTP
2708 XDUM(1)-XDM

2709 XDUM (2) -XDM
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2716 CALL CURVE(XDUM.YDUM.2.8)
2711 378 CONTINUE
2712 38S CONTINUE
2713 XDUM(1 )-XMAX
2714 X0U (2)-XMAX
2715 YDUM(1 )-WMAX
2716 YDUM(2)-WORIG
2717 CALL CURVE(XDUM.YDUM.2.6)
2718 NTIK-NINT((WMAX-WORIG)/WSTP)
2719 XDUM(1) -XMAX-(XMAX-XORIG)/56.0
2720 XDUM(2)-XMAX
2721 YDM-WORIG
2722 DO 382 ITK-1,NTIK-1
2723 YDM-YDMf+WSTP
2724 YDUM(1)-YDM
2725 YDUM(2)-YDM
2726 CALL CURVE(XDUM.YDUM.2.6)
2727 382 CONTINUE
2728 C
2729 C - DRAW CROSS SECTION CURVE
2730 NPOINTS-NY
2731 CALL CURVE(XXSECTN,NPOINTS.)
2732 C
2733 C - DRAW Z-0 INVARIANT FOR COMPARISON
2734 IF (MSRF.EQ.19.AND.ZVAL.GT.ZSTEP) THEN
2735 DO 385 KImI.NY
2736 SECTN(K1)-SCMEM(KI.K)
2737 385 CONTINUE
2738 CALL DASH

L 2739 CALL CURVE(XX.SECTN,NPOINTS,8)
2746 CALL RESET 'DASH-)
2741 ENDIF
2742 C
2743 C - SPECIAL AXIS AND LABEL FOR FFT COORDINATE
2744 IF (NY.GT.O.AND.(MSRF.EQ.4.OR.MSRF.EQ.10.OR.MSRF.EQ.16))
2745 1 CALL XISFFT('X',WORIG.WMAX)
2746 WRITE (59.)'END OF STATIONARY INTENSITY PLOT'
2747 C
2748 C - END OF PLOT
2749 CALL ENDPL(8)
2758 396 CONTINUE
2751 RETURN
2752 C
2753 C - END OF INTENSITY SECTION
2754 C

- 2755 466 CONTINUE
2756 C
2757 C - PHASE AND AMPLITUDE SECTIONS
2758 C
2759 C - CHECK EACH ELEMENT IN ROW MSRF OF ARRAY CSEC
2766 DO 496 K-I.NSEC

* 2761 SECR-REAL(CSEC(MSRF,K))
2762 C

'- 2763 C - ONE DIMENSIONAL CASES
2764 IF (NY.LE.8) THEN
2765 IF (SECR.LT.O.5.OR.SECR.GT.8.5) GO TO 490
2766 GO TO 461
2767 ELSE IF (NT.LE.8) THEN
2768 IF (SECR.LT.6.5.OR.SECR.GT.8.5) GO TO 490

* 2769 GO TO 456
2776 ENDIF
2771 C

S72772 C - TWO DIMENSIONAL CASES; SECTION ONLY IF IMAGINARY PART OF CSEC-
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2773 C ELEMENT IS EQUAL TO 1.6 OR 2.0;
2774 C OTHERWISE GO TO NEXT LOOP COUNTER K. I.E. NEXT ELEMENT OF LINE MSRF
2775 C IN ARRAY CSEC
2776 SECI-AIMAG (CSEC(MSRF.K))
2777 IF (SECI .GT.0.9.AND.SECI.LT 1.1) GO TO 450
2778 IF (SECI.GT.1.9.AND.SECI.LT.2.1) GO TO 461
2779 GO TO 490
2786 461 CONTINUE
2781 C
2782 C - HORIZONTAL CROSS SECTION (SECOND ARGUMENT OF SRF FIXED); PHASE
2783 C
2784 C - START A NEW GRAPHICS FRAME FOR THIS CROSS SECTION
2785 CALL RESET('ALL')
2786 CALL INTAXS
2787 CALL MX1ALF'('STANDARD' -I-)
2788 CALL MX2ALF ('L/CGRK'.'J')
2789 CALL AREA2D (GRFSZ.GRFSZ)
2790 IF (ZVAL.GE.ZSTEP.AND.(MSRF.EQ.2.OR.MSRF.EQ.8)) THEN
2791 CALL UESSAG('SOLID -INTERFER.S'.100,0.1.7. 35)
2792 CALL MESSAG('DASHED -ACTUAL$'.100.2.3.7.35)
2793 ENDIF
2794 C
2795 C - HEADLINE, LABELS. AND PARAMETER
2796 GO TO (496.402,490. 40.463.496. 496.404.496.
2797 1 496.465.490. 496.466.490 490,467,490) MSRF
2798 462 CALL HEADIN('RAMAN PUMP: PHASEH'.10i.1.l)

*2799 GO TO 469
2800 403 CALL HEADIN('RAMAN PUMP: MODE PHASES'.100.1.5.1)
2861 GO TO 409
2802 404 CALL HEADIN('RAMAN STOKES: PHASE$',100,1.5.1)
2803 GO TO 409
2864 465 CALL HEADIN('RAMAN STOKES: MODE PHASE$'.160.1.5.1)
2865 GO TO 469
2866 406 CALL HEADIN('RAMAN MAT. EXC.: PHASE$'.100.1.5.1)
2807 GO TO 469
2868 407 CALL HEADIN('RAMAN MAT. EXC.: MODE PHASE$'.100,1.5,1)
2809 409 CONTINUE
2810 CALL MESSAG('Z - $'.105.9,7.1)
2811 IPLACE-2
2812 IF (ABS(ZVAL) .GT.9999.0.OR.ABS(ZVAL).LT.0.01) IPLACE-2
2813 CALL REALNO(ZVAL.IPLACE.6.4.7.1)
2814 CALL XNAMC('TIME (PICO-SECONDS)S '.166)
2815 IF (MSRF.EQ.5.OR.MSRF.EQ.11.OR.MSRF.EQ.17) THEN
2816 CALL YNAME( 'MODE PHASE (MULTIPLES OF OP I)$'.100)
2817 CALL MESSAG('KY - $'.16.4.2.7.1)

Ni2818 IPLACE-2
2819 IF (ASS(SECR) GT.9999.6.OR.ABS(SECR).LT.0.01) IPLACE-2
2820 CALL REALNO SECR.IPLACE,4.7,7.1)
2821 CALL MESSAG '2 - DIM.$S.100,5.9.7.35)
2822 ISECm-INT((SECR4.NYHP/YM2M1).YM2MI)
2823 ELSE 61L. TE

2824 CALL YNAME 'PHASE (MULTIPLES OF IPI)S'.190)
IF2 ALMSAG(.1 - D TRA.$'.160.5.9.7.35)

2827ISECNINTSECR)

2828GO TO (412.413,414 415) ITYPE( ISEC)
2829 412 CALL MESSAGQ'SEC-HYPERB. . EXP $'106.7)
2836 GO TO 416
2831 413 CALL MESSAG('RECTANGULAR$'.100.1,7.1)
2832 00 TO 416
2833 414 CALL MESSAG('LORENTZIAN EXP - $'.100.1.7.1)
2834 GO TO 416
2835 415 CALL MESSAG('EXPONENTIAL .EXP - $*,100.o.'1,7.1)
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2836 416 CONTINUE
2837 IF (ITYPE(ISEC).NE.fl THEN
2838 XRTYPEmRTYPE( 15C
2859 IPLACE-2

N2846 IF (ABS(XRTYPE).GT.9999.6.OR.ABS(XRTYPE).LT.6.61)
2841 1 IPLACE-2
2842 CALL REALNO(XRTYPE.IPLACE.2.4.7.1)
2843 ENDIF
2844 IF (NY.GT.1) THEN
2845 CALL MESSAG('CASES'.190.4.6,7.1)
2846 CALL INTNO(ISEC,4.7.7.1)
2847 ENDIF
2848 ELSE
2849 CALL MESSAG('Y - $'.109.4.2.7.1)
2850 IPLACE-2
2851 IF (ABS(SECR).GT.9999.6.OR.ABS(SECR).LT.e.e ) IPLACE-2
2852 CALL REALNO (SECR.IPLACE.4.7.7.1)
2853 CALL UESSAG( '2 - DIM.$- 160.5 9 7.35)
2854 ISEC-INT( (SECR+RDY.NYHP)/ROY)'
2855 ENDIF
2856 ENDIF
2857 C
2858 C - MAGNITUDE DATA, ABSCISSA VECTOR
2859 DO 418 K1-1.NT
2866 XR:SRF(K1.ISEC)
2861 XI SRFI (KI.ISEC)
2862 SECTN(K1 )-SQRT(XR;XR+XI*XI)
2863 XX(K1 )mTMI+RDT*. (1-1)
2864 418 CONTINUE
2865 C
2866 C - UNCERTAIN PHASE THRESHOLD
2867 XMX-SECTN (ISMAX(NT SECTN.1))
2868 IF (XMX.LT .1.OE-36) THEN
2869 WRITE (59..) 'note: UNRELIABLE PHASE. MAGNITUDES ARE ZERO, 4
2876 GO TO 496
2871 ENDIF
2872 XTHRSH-XMX/1 .6E8
2873 C
2874 C -CALCULATE PHASE DATA
2875 C
2876 C - PHASE OF FIRST DATA POINT WITHIN +/- PI OF ZERO PHASE
2877 SCTOLD-0.6
2878 C
2879 C - INITIALIZE LOOP VARIABLES
2886 NAB-i
2881 NAN-0

A2882 KINCR-0
2883 C
2884 C - LOOP OVER ALL GRID POINTS; KINCR LOOP COUNTER
2885 426 CONTINUE
2886 KINCR-KINCR+1
2887 C

S2888 C - CLEAR VECTOR FOR PHASE DATA
2889 SECTI(KINCR)-G.*
2896 C
2891 C - FIND STRING OF GRID POINTS (NAB TO NAN) WHERE MAGNITUDE OF FIELD
2892 C DATA EXCEEDS THRESHOLD
2893 IF (SECTN(KINCR).GE.XTHRSH) THEN
2894 NAN-K INCR
2895 C

*2896 C -PLACE MARKER (SECTNm-1.6) WHERE FIELD MAGNITUDE IS BELOW THRESHOLD
2897 C (UNCERTAIN PHASE INFORMATION)
2898 ELSE
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2899 SECTN(KINCR)-1.0
2960 IF (NAN.GE.NAB) THEN
2901 C
2902 C - EXIT LOOP TEMPORARILY TO CALCULATE PHASE DATA FOR STRING OF GRID
2903 C POINTS NAB TO NAN
2904 GO TO 421
2905 ELSE
2906 C
2907 C - CURRENT DATA POINT STILL UNCERTAIN; INCREMENT NAB (BEGINNING OF NEXT
2968 C STRING)
2909 NAB-KINCR+1
2910 ENDIF
2911 ENDIF
2912 C
2913 C - END LOOP OR CONTINUE IN LOOP UNTIL NT
2914 IF (KINCR.LT.NT) GO TO 420
2915 C
2916 C - SKIP PHASE CALCULATION. LAST DATA POINTS ARE UNCERTAIN
2917 IF (NAN.LT.NAB) GO TO 432
2918 C
2919 C - CALCULATE RAW PHASE MODULO 2*PI
2926 421 CONTINUE
2921 DO 423 K3-NAB.NAN
2922 SECTI(K3)-ATAN2(SRFI(K3.ISEC).SRF(K3,ISEC))/PI
2923 423 CONTINUE

: 2924 C
2925 C - CALCULATE EXACT PHASE KEEPING TRACK OF MULIPLES OF 2ePI COUNTED BY
2926 C LPI
2927 LPI-6
2928 IF (NAN.EQ.NAB) THEN
2929 C
2930 C - SINGLE DATA POINT
2931 SECTI(NAN)-SECTI(NAN)+SCTOLD
2932 GO TO 431
2933 ENDIF
2934 C
2935 C - PHASE OF FIRST DATA POINT IN STRING
2936 PSIP-SECTI(NAB)
2937 SECTI(NAB)-PSIP+SCTOLD
2938 C
2939 C - PHASE OF FOLLOWING DATA POINTS IN STRING
2940 DO 429 K4-NAB+I.NAN
2941 PSIK-SECTI(K4)
2942 IF (PSIP.Gi.6.6) THEN
2943 C
2944 C - INCREMENT LPI IF PRESENT RAW PHASE PSIK DIFFERS BY MORE THAN PI FROM
2945 C THE PREVIOUS POINT PSIK (WHICH WAS POSITIVE)
2946 IF (ABS(PSIK-PSIP) .GT.1.6) LPI-LPI+2
2947 ELSE
2946 C
2949 C - DECREMENT LPI IF PRESENT RAW PHASE PSIK DIFFERS BY MORE THAN PI FROM
2950 C THE PREVIOUS POINT PSIK (WHICH WAS NEGATIVE)
2951 IF (ABS(PSIK-PSIP) .GT.1.6) LPI-LPI-2
2952 ENDIF
2953 C
2954 C - EXACT PHASE
2955 SECTI(K4)-PSIK+LPI+SCTOLD
2956 C
2957 C - CURRENT RAW PHASE BECOMES PREVIOUS RAW PHASE NEXT TIME THROUGH THE
2958 C LOOP
2959 PSIP-PSIK
2960 429 CONTINUE
2961 431 CONTINUE

~1
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2962 C
2963 C - STORE PHASE OF LAST DATA POINT AS REFERENCE VALUE FOR NEXT STRING OF
2964 C RELIABLE DATA
2965 SCTOLD-SECTI(NAN)
2966 C
2967 C - INCREMENT LABEL OF BEGINNING OF NEXT STRING
2968 NAB-KINCR+1
2969 C
2970 C - FIND NEXT STRING OF PHASE DATA
2971 IF (NAN.LT.NT) GO TO 420
2972 432 CONT INUE
2973 C
2974 C - PLOT COORDINATE SYSTEM
2975 IF ((MSRF.EQ.2.OR.MSRF.EQ.8).AND.ZVAL.LT.ZSTEP) THEN
2976 C
2977 C - MEMORIZE ORIGINAL PHASE
2978 DO 433 I3-1.NT
2979 IF (MSRF.EQ.2) THEN
2986 PPMEM(I3,K)-SECTI(I3)
2981 ELSE
2982 PSMEM(13.K)-SECTI(13)
2983 ENDIF
2984 433 CONTINUE

N 2985 ELSE% 2986 C
2987 C - INTERFEROMETRIC PHASE (CURRENT PHASE MINUS ORIGINAL PHASE)

* 2988 DO 434 13-INT
2969 IF (MSRF.EQ.2) THEN
2996 SECTJ(63)-SECTI(I3)-PPMEM(I3.K)
2991 ELSE
2992 SECTJ(13)-SECTI(I3)-PSMEM(13.K)
2993 ENDIF
2994 434 CONTINUE
2995 ENDIF
2996 C
2997 C - SCALE AXIS BY COMBINATION OF BOTH CURVES
2998 NECLEC-1
2999 PHASTP-m.6
306 CALL NYSXIS(SECTJ.NT.NECLEC.PHASOR.PHASTP.PHASMX)
3601 NECLEC-0
3662 CALL NYSXIS(SECTI.NT.NECLEC.PHASOR.PHASTPPHASMX)
3003 C
304 C - MAKE FRACTIONAL Y-AXIS LIMITS INTEGRAL
3065 IF (PHASTP.LE.1.6) THEN
3006 PHSORI-ANINT(PHASOR)
3667 PHSMXI-ANINT(PHASMX)
3668 IF (PHASOR.LE.PHSORI) THEN
3609 PHASOR-PHSORI-1.6
3010 ELSE
3611 PHASOR-PHSORI

aA 3612 ENDIF
3613 IF (PHASMX.GE.PHSMXI) THEN
3614 HASMX-PHSMXI+1.0
3615 ELSE
3016 PHASMX-PHSMXI
3617 ENDIF
3618 C
3619 C - SMALLEST Y-INTERVAL SIZES SHOULD BE PI/4 AND PI/2
3029 PHASDF-PHASMX-PHASOR
3021 IF (PHASDF.LE.2.9) THEN

* 3922 PHASTP-.25
3623 ELSE IF (PHASDF.LE.4.6) THEN

ell 3624 PHASTP-6.5
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3025 ENDIF
3626 ENDIF
3027 CALL GRAF(TORIG.TSTP .TMAX .PHASOR .PHASTP .PHASMX)
3028 C
3629 C -COMPLETE COORDINATE FRAME AND TICKMARKS
3636 XDUM(l)-TORIG
3631 X'DUM ()TMAX
3632 YDUU (1) -PHASUX
3033 YDUM (2) -PHASMX
3634 CALL CURVE(CXDUU.YDUM.2.6)
3035 NTIK-NINT( (TMAX-TORIG)/TSTP)

* 3636 YDUM(1-PHASMX
3637 YDUM (2 -PHASMX-(PHASMX-PHASOR)/56.0
3638 XDM-T0 IG
3639 00 435 ITK-1.NTIK-1

*3646 XDM-XDM+TSTP
3641 XDUM(1)-XDM
3642 XDUM (2) XDM
3643 CALL CURVE(XDUM.YDUM.2.0)
3644 435 CONTINUE
3645 XOUU 1 -TUAX
3646 XDUM 2-TMAX
3647 YDUM(1-PHASMX
3648 YDU (2) -PHASOR
3649 CALL CURVE(CXDUM,YDUU,2.6
3656 NTIK-NINT( (PHASMX-PHAS6R )/PHASTP)

* 3651 XDUU (1)-TMAX-(TMAX-TORIG )/5.6
3652 XDU (2) -TMAX
3653 YDM-PHASOR
3654 DO 436 ITK-1.NTIK-1
3055 YDM-YDMl+PHASTP
3656 YDUU(l)-YDM
3657 YDUM (2) -YDM
3658 CALL CURVE(XDUM.YDUM.2.6)
3659 436 CONTINUE
366 C
3661 C - PLOT PHASE CURVE SEGMENTS; RESET COUNTERS
3662 NPOINTS-0
3663 KINCR-6
3664 C
3065 C - LOOP OVER DATA POINTS; LOOP COUNTER KINCR
3666 437 CONTINUE
3667 KINCR-KINCR+l
3668 IF (SECTN(KINCR).LT.-6.99) THEN
3669 C
3079 C -UNRELIABLE PHASE MARKER ENCOUNTERED; PLOT DATA STRING OF LENGTH
3671 C NPOINTS
3672 IF (NPOINTS.GT.0) GO TO 438
3673 ELSE

a3674 C
3675 C -INCREMENT DATA STRING COUNTER; PUSH RELIABLE DATA TO FRONT OF VECTOR
3676 C FOR PLOTTING
3677 NPOINTS-NPOINTS+1
3678 SECTI (NPOINTS)-SECTI(KINCR)
3079 IF (ZVAL.GE.ZSTEP.AND.(MSRF.EQ.2.OR.MSRF.EO.8)) THEN
3086 SECTJ(NPOINTS)mSECTJ(KINCR)
3681 ENDIF
3682 XX(NPOINTS)-XX(KINCR)
3083 ENDIF
3684 C

*3685 C -END LOOP OR CONTINUE IN LOOP UNTIL NT
3086 IF (KINCR.LT.NT) GO TO 437
3687 C
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3088 C - LAST DATA POINTS UNRELIABLE; END PHASE PLOTTING
3689 IF (NPOINTS.EQ.6) GO TO 446
3696 438 CONTINUE
3691 C
3092 C - PLOT DATA STRING; RESET DATA COUNTER
3693 C - DRAW INTERFEROMETRIC PHASE SOLID
3694 IF (ZVAL.GE.ZSTEP.AND.(MSRF.EQ.2.OR.MSRF.EQ.8)) THEN
3695 CALL CURVE(XX.SECTJNPOINTS.6)
3696 ENDIF
3697 C
3098 C - DRAW CURRENT PHASE DASHED
3699 CALL DASH
310 CALL CURVE(XXSECTINPOINTS,6)
3161 CALL RESET(-DASH')
3102 NPOINTS-6
3103 C
3164 C - JUMP BACK INTO LOOP FOR NEXT STRING OF PHASE DATA
3105 IF (KINCR.LT.NT) GO TO 437
3106 446 CONT INUE
3107 CALL ENDPL(6)
3108 GO TO 496
3169 456 CONTINUE
3116 C
3111 C - VERTICAL CROSS SECTION ( FIRST VARIABLE FIXED IN SRF); PHASE
3112 C
3113 C - START A NEW GRAPHICS FRAME FOR THIS CROSS SECTION

- 3114 CALL RESET('ALL')
3115 CALL INTAXS
3116 CALL MXIALF('STANDARD' 'I')
3117 CALL MX2ALF('L/CGRK',' ')

'. 3118 CALL AREA2D(GRFSZ.GRFSZ)
3119 IF (ZVAL.GE.ZSTEP.AND.(MSRF.EQ.2.OR.MSRF.EQ.)) THEN
3126 CALL MESSAG('SOLID - INTERFER.$'.106,S.1.7.35)
3121 CALL MESSAG('DASHED - ACTUAL$'.160.2.4.7.35)
3122 ENDIF
3123 C
3124 C - HEADLINE. LABELS, AND PARAMETER
3125 GO TO (496,452,490. 496.453,496. 496,454.496.
3126 1 496,455,40, 496,456,49 490,457,490) MSRF
3127 452 CALL HEADIN('RAMAN PUMP: PHASE$-,l6.1.5.1)
3128 GO TO 459
3129 453 CALL HEADIN('RAMAN PUMP: PHASE (FFT)$'.166.1.5.1)
3136 GO TO 450
3131 454 CALL HEADIN('RAMAN STOKES: PHASE$',e16.1.5.1)
3132 GO TO 459
3133 455 CALL HEADIN('RAMAN STOKES: PHASE (FFT)$'.10.1.5.1)
3134 GO TO 450
3135 456 CALL HEADIN('RAMAN MAT. EXC.: PHASE$'.10.1.5.1)

4 . 3136 GO TO 450
3137 457 CALL HEADIN('RAMAN MAT. EXC.: PHASE (FFT)$.106.1.5.1)
3138 459 CONTINUE
3130 CALL MESSAG('Z - $'.100.5.9.7.1)
3140 IPLACE-2
3141 IF (ABS(ZVAL).GT.9999.6.OR.ABS(ZVAL).LT.6.61) IPLACE-2
3142 CALL REALNO(ZVALIPLACE.6.4,7.1)
3143 IF (MSRF.EQ.5.OR.MSRF.EQ.11.OR.MSRF.EQ.17) THEN

4,.3144 CALL XNONUM
3145 CALL XTICKS(6)
3146 CALL YNAME('FFT PHASE (MULTIPLES OF GP)$',106)
3147 RDYX-RDYF
3148 XORIG-YFORIG
3149 XSTP-YFSTP
3156 XMAX-YFMAX

.,
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3151 ELSE
3152 CALL XNAME( Y-DIMENSION (CM)$',1ee)
3153 CALL YNAME(-PHASE (MULTIPLES OF #PI)$'.10e)
3154 RDYX-RDY
3155 XORIG-YORIG
3156 XSTP-YSTP
3157 XMAX-YMAX
3158 ENDIF
3159 IF (NT.LE.8) THEN
3160 CALL MESSAG(-EXPON.. NHYP - $',e.0.1.7.1)
3161 CALL INTNO(NHYP.2.0,7.1)
3162 CALL MESSAG(1 - D STA.$',100,5.9,7.35)
3163 ISEC-NINT(SECR)
3164 IF (NT.GT.1) THEN
3165 CALL MESSAG('CASE$.100.4.0.7.1)
3166 CALL INTNO(ISEC.4.7.7.1)
3167 ENDIF
3168 ELSE
3169 CALL MESSAG('2 - DIM.$'.10.5.9.7.35)
3170 CALL MESSAG 'T - $'.10,4.2,7.1)
3171 IPLACE-2
3172 IF (ABS(SECR).GT.9999.0.OR.ABS(SECR).LT.O.o1) IPLACE-2
3173 CALL REALNO(SECR,IPLACEo4.7 7.1)
3174 ISEC-INT((SECR+RDT*(NP/2+I)5/RDT)

% 3175 ENDIF
3176 C
3177 C - MAGNITUDE DATA. ABSCISSA VECTOR
3178 DO 460 KI-I.NY
3179 XR-SRF(ISEC.K1)
3180 XI-SRFI(ISEC.K1)
3181 SECTN(K1)-SQRT(XR*XR+XI*XI)
3182 XX(K1)-XORIG+RDYX*(KI-1)
3183 466 CONTINUE
3184 C
3185 C - UNCERTAIN PHASE THRESHOLD
3186 XMX-SECTN(ISMAX(NY SECTN.1))
3187 IF (XMX.LT.1.OE-305 THEN
3188 WRITE (59,.) 'note: UNRELIABLE PHASE. MAGNITUDES ARE ZERO'
3189 GO TO 490
3190 ENDIF
3191 XTHRSH-XMX/1.eE8
3192 C
3193 C - CALCULATE PHASE DATA
3194 C

* 3195 C - PHASE OF FIRST DATA POINT WITHIN +/- PI OF ZERO PHASE
3196 SCTOLD-0.0
3197 C
3198 C - INITIALIZE LOOP VARIABLES
3199 NAB-1
3200 NAN-0
3201 KINCR-0
3202 C
3203 C - LOOP OVER ALL GRID POINTS; KINCR LOOP COUNTER

-' 3204 470 CONTINUE
3205 KINCR-KINCR+I
3206 C
3207 C - CLEAR VECTOR FOR PHASE DATA
3208 SECTI(KINCR)-0.0
3209 C

* 3210 C - FIND STRING OF GRID POINTS (NAB TO NAN) WHERE MAGNITUDE OF FIELD
3211 C DATA EXCEEDS THRESHOLD
3212 IF (SECTN(KINCR).GE.XTHRSH) THEN
3213 NAN-KINCR
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3214 C 0
3215 C - PLACE MARKER (SECTNM-1.0) WHERE FIELD MAGNITUDE IS BELOW THRESHOLD
3216 C (UNCERTAIN PHASE INFORMATION)
3217 ELSE
3218 SECTN(KINCR)-1.0
3219 IF (NAN.GE.NAB) THEN
3220 C
3221 C - EXIT LOOP TEMPORARILY TO CALCULATE PHASE DATA FOR STRING OF GRID
3222 C POINTS NAB TO NAN
3223 GO TO 471
3224 ELSE
3225 C
3226 C - CURRENT DATA POINT STILL UNCERTAIN; INCREMENT NAB (BEGINNING OF NEXT
3227 C STRING)
3228 NAB-KINCR+I
3229 ENDIF
3230 ENDIF
3231 C
3 42 C - END LOOP OR CONTINUE IN LOOP UNTIL NT

, 3233 IF (KINCR.LT.NY) GO TO 476
3234 ;
3235 C - SKIP PHASE CALCULATION. LAST DATA POINTS ARE UNCERTAIN
3236 IF (NAN.LT.NAB) GO TO 479
3237 471 CrNTINUE
3238 C
3239 C - CALCULATE RAW PHASE MODULO 2*PI
'240 DO 473 K3-NAB,NAN
3241 SECTI(K3)-ATAN2(SRFi(ISEC.K3).SRF(ISEC.K3))/PI
3242 473 CONTINUE
3243 C

pP 3244 C - CALCULATE EXACT PHASE KEL,;:NG TRACK OF MULIPLES OF 2*PI COUNTED BY
J 3245 C LPI

3246 LPI-0
3247 IF (NAN.EQ.NAB) THEN
3248
3249 C - SINGLE DATA POINT
3256 SECTI(NAN)-SECTI(NAN)+SCTOLD
3251 GO TO 477
3252 ENDIF
3253 C
3254 C - PHASE OF FIRST DATA POINT IN STRING
3255 PSIP-SECTI(NAB)
3256 SECTI (NAB)-PSIP+SCTOLD
3257 C
3258 C - PHASE OF FOLLOWING DATA POINTS IN STRING
3259 DO 475 K4-NAB+1.NAN
3260 PSIK-SECTI(K4)
3261 IF (PSIP.GE .0.) THEN
3262 C
3263 C - INCREMENT LPI IF PRESENT RAW PHASE PSIK DIFFERS BY MORE THAN PI FROM
3264 C THE PREVIOUS POINT PSIK (WHICH WAS POSITIVE)
3265 IF (ABS(PSIK-PSIP).GT.I.e) LPI-LPI+2
3266 ELSE
3267 C
3268 C - DECREMENT LPI IF PRESENT RAW PHASE PSIK DIFFERS BY MORE THAN PI FROM
3269 C THE PREVIOUS POINT PSIK (WHICH WAS POSITIVE)
3276 IF (ABS(PSIK-PSIP).GT.I.S) LPI-LPI-2
3271 ENDIF
3272 C
3273 C - EXACT PHASE "1
3274 SECTI(K4)-PSIK+LPI+SCTOLD
3275 C
3276 C - CURRENT RAW PHASE BECOMES PREVIOUS RAW PHASE NEXT TIME THROUGH THE
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3277 C LOOP
3278 PSIP-PSIK
3279 475 CONTINUE
3289 477 CONTINUE

3281 C
3282 C - STORE PHASE OF LAST DATA POINT AS REFERENCE VALUE FOR NEXT STRING OF
3283 C RELIABLE DATA
3284 SCTOLD-SECTI(NAN)
3285 C
3286 C - INCREMENT LABEL OF BEGINNING OF NEXT STRING
3287 NAB-KINCR+I
3288 C
3289 C - FIND NEXT STRING OF PHASE DATA
3290 IF (NAN.LT.NY) GO TO 470
3291 479 CONT INUE
3292 C
3293 C - MEMORIZE ORIGINAL PHASE
3294 IF (ZVAL.LT.ZSTEP) THEN
3295 IF (MSRF.EQ.2) THEN
3296 DO 480 13-I.NY
3297 PPMEM(13.K)-SECTI(13)
3298 480 CONTINUE
3299 ELSE
3360 DO 481 13-I.NY
3361 PSMEM(13.K)-SECTI(I3)
3302 481 CONTINUE
3363 ENDIF
3304 ELSE
3305 C
3306 C - INTERFEROMETRIC PHASE (CURRENT PHASE MINUS ORIGINAL PHASE)
3307 IF (MSRF.EQ.2) THEN
3368 DO 482 13-I,NY
3309 SECTJ(13)-SECTI(13)-PPMEM(13.K)
3310 482 CONTINUE
3311 ENDIF
3312 IF (MSRF.EQ.8) THEN
3313 DO 483 13-1 ,NY
3314 SECTJ(13)-SECTI(13)-PSMEM(I3.K)
3315 483 CONTINUE
3316 ENDIF
3317 ENDIF
3318 C
3319 C - COMPUTE COORDINATE SYSTEM
3320 C
3321 C - SCALE Y-COORDINATE AXIS
3322 NECLEC-1
3323 PHASTP-0.6
3324 CALL NYSXIS(SECTI.NY.NCCLEC.PHASOR.PHASTP.PHASMX)
3325 C
3326 C - INCLUDE INTERFERENCE PHASE IN SCALE OF Y-AXIS LIMITS
3327 IF (MSRF.EQ.2.OR.MSRF.EQ.8) THEN
3328 NECLEC-O
3329 CALL NYSXIS(SECTJNY.NECLEC.PHASOR.PHASTP.PHASMX)

A 3336 ENDIF
3331 C

* 3332 C - MAKE FRACTIONAL Y-AXIS LIMITS INTEGRAL
3333 IF (PHASTP.LE.1.0) THEN
3334 PHSORI-ANINT(PHASOR)
3335 PHSMXI-ANINT(PHASMX)
3336 IF (PHASOR.LE.PHSORI) THEN
3337 PHASOR-PHSORI-1.0
3338 ELSE
3339 PHASOR-PHSORI
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3340 ENDIF
3341 IF (PHASMX.GE.PHSMXI) THEN
3342 PHASMX-PHSMXI+1 .6
3343 ELSE .
3344 PHASMX-PHSMX I
3345 ENDIF
3346 C
3347 C -SMALLEST V-INTERVAL SIZES SHOULD BE P1/4 AND P1/2
3346 PHASDF-PHASMX-PHASOR
3349 IF (PHASDF.LE.2.S) THEN
3356 PHASTP-0.25

*3351 ELSE IF (PHASDF.LE.4.0) THEN
3352 PHASTP-0.5
3353 ENDIF
3354 ENDIF
3355 C
3356 C -PLOT COORDINATE SYSTEM
3357 CALL GRAF(XORIG.XSTP.XMAX.PHASOR.PHASTP.PHASMX)

9%.3358 C
3359 C -COMPLETE COORDINATE SYSTEM BY A FRAME AND TICKMARKS
3366 XDUM C 1)-XORIG
3361 XDUM (2) -XMX* 3362 YDUM( 1 )-PHASMX
3363 YDUM(2) -PHASUX
3364 CALL CURVE(XDUM.YDUM,2,6)
3365 IF (MSRF.EQ.5.OR.MSRF.EQ.11.OR.MSRF.EQ.17) COTO 485
3366 NTIK-NINT( (XMAX-XORIG)/XSTP)
3367 YOUM C ) -PHASMX
3366 YDUM (2) -PHASMX-(PNASMX-PHASOR)/56.6
3369 XDM-XORIG
3376 00 484 ITK-I.I4TIK-1
3371 XDM-XDM+XSTP
3372 XDUM(l )-XDM
3373 XDUM (2) -XDM
3374 CALL CURVE(XDUM.YDUM.2.0)
3375 484 CONTINUE
3376 485 CONTINUE
3377 XDUM( )mXMAX
3378 XD UM (2 -XMAX
3379 YDM 1 -PHASMX
3380 YOUM(2)1-PHASOR
3381 CALL CURVE(XDUM.YDUM.2 6)3382 NTIKmNINT((PHASUX-PHASOR /PHASTP)
3383 XDUM (1)-XMAX-(XMAX-XORIG /59.0
3384 XDUM C2) mXMAX
3385 YDM-PHASOR
3386 DO 486 ITK-1,NTIK-1

C387 YDM-YDM4PHASTPCONEKIR

333C - PLOT PHASE CURVE SEGMENTS; RESET COUNTERS

39 I NCTNKNC)L.-.9)TE

3462 C - UNRELIAERLEAPHASEIMARKEROENCOUNTER PLT AA TIN O ENT

3410



PRAMI (version CD)

3403 C NPOINTS
3464 IF (NPOINTS.GT.S) GO TO 486
3405 ELSE

* __3406 C
- 3407 C - INCREMENT DATA STRING COUNTER; PUSH RELIABLE DATA TO FRONT OF VECTOR

3408 NPOINTS-NPOINTS+
3409 SECTI(NPOINTS)-SECTI(KINCR)
3410 IF (ZVAL.GE.ZSTEP.AND.(MSRF.EQ.2.OR.MSRF.EQ.8)) THEN
3411 SECTJ(NPOINTS)-SECTJ(KINCR)
3412 ENDIF
3413 XX(NPOINTS)-XX(KINCR)
3414 ENDIF
3415 C
3416 C - END LOOP OR CONTINUE IN LOOP UNTIL NY
3417 IF (KINCR.LT.NY) GO TO 487
3418 C
3419 C - LAST DATA POINTS UNRELIABLE; END PHASE PLOTTING
3426 IF (NPOINTS.EQ.e) GO TO 469
3421 488 CONTINUE
3422 C
3423 C - PLOT DATA STRING; RESET DATA COUNTER
3424 C - DRAW INTERFEROMETRIC PHASE SOLID

* 3425 IF (ZVAL.GE.ZSTEP.AND.(MSRF.EQ.2.OR.MSRF.EQ.B)) THEN
3426 CALL CURVE(XX.SECTJ.NPOINTS.0)
3427 ENDIF
3428 C
3429 C - DRAW CURRENT PHASE DASHED
3430 CALL DASH
3431 CALL CURVE(XX,SECTI,NPOINTS.e)
3432 CALL RESET('DASH')
3433 NPOINTS-
3434 C
3435 C - JUMP BACK INTO LOOP FOR NEXT STRING OF PHASE DATA
3436 IF (KINCR.LT.NY) GO TO 487
3437 489 CONTINUE
3438 C
3439 C - SPECIAL AXIS AND LABEL FOR FFT COORDINATE
3440 C
3441 IF (NY.GT.8.AND.(MSRF.EQ.S.OR.MSRF.EQ.11.OR.MSRF.EQ.17))
3442 1 CALL XISFFT('X',PHASORPHASMX)
3443 C
3444 C - END OF PHASE SECTION PLOT
3445 CALL ENDPL(0)
3446 490 CONTINUE
3447 C
3448 C - CROSS SECTIONS OF AMPLITUDE SURFACES (REAL/IMAGINARY
3449 C REPRESENTATION)
3450 NSRF-MSRF+1
3451 C
3452 C - CHECK EACH ELEMENT IN ROW MSRF OF ARRAY CSEC
3453 DO 59 K-iNSEC
3454 SECR-REAL(CSEC(NSRF,K))
3455 C
3456 C - ONE-DIMENSIONAL CASES
3457 IF (NY.LE.8) THEN
3458 IF (SECR.LT.s.5.OR.SECR.GT.8.5) GO TO 590

* 3459 GO TO 501
3466 ELSE IF (NT.LE.8) THEN
3461 IF (SECR. LT 0.5.OR.SECR.GT.8.5) GO TO 590
3462 GO TO 540
3463 ENDIF
3464 C
3465 C - TWO DIMENSIONAL CASES; SECTION ONLY IF IMAGINARY PART OF CSEC-
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3466 C ELEMENT IS EQUAL TO 1.6 OR 2.6;
3467 C OTHERWISE GO TO NEXT LOOP COUNTER VALUE K, I.E. NEXT ELEMENT OF LINE
3468 C MSRF IN ARRAY CSE C
3469 SECI-AIMAG (CSEC (NSRF.K))
3476 IF (SECI .GT.6.9 .AND.SECI .LT.1.1) GO TO 546
3471 IF (SECI.GT.1.9.AND.SECI.LT.2.1) GO TO 561
3472 GO TO 596
3473 561 CONTINUE

A'3474 C
3475 C - HORIZONTAL CROSS SECTION (SECOND ARGUMENT OF SRF FIXED): AMPLITUDE
3476 C
3477 C - START A NEW GRAPHICS FRAME FOR THIS CROSS SECTION
3478 CALL RESET('ALL')
3479 CALL AREA20(GRFSZ ,GRFSZ)
3486 CALL INTAXS -RAS 6
3481 CALL UESSAG('SOLID -6EL$ .SO01 7 35
3482 CALL MESSAG( 'DASHED - IMAG.I.19J17.7. 1S)
3483 C
3484 C - HEADLINE, LABELS. AND PARAMETER
3485 GO TO(596.590,502. 590.596.503. 590.590.564,
3486 1 590,590,565. 596.596.56 596 590.507) NSRF

*3487 562 CALL HEADIN('RAMAN PUMP: AMlPLiTUDEJ-.160.1.s.1)
3488 GO TO 569
3489 563 CALL HEADIN('RAMAN PUMP: MODE AMPLITUDE$'.106.1.5.1)
3496 GO TO 569
3491 564 CALL HEADIN('RAUAN STOKES: AMPLITUDE$'.166.1.5.1)
3492 GO TO 569
3493 565 CALL HEADIN('RAUAN STOKES: MODE AMPLITUDES'.100.1.5.1)
3494 GO TO 569
3495 566 CALL HEADIN('RAMAN MAT. EXC.: AMPLITUOE$*.106.1.5.1)
3496 GO TO 569
3497 567 CALL HEADIN('RAMAN MAT. EXC.: MODE AMPLITUDE$'.166.1.5.1)
3498 569 CONTINUE
3499 CALL UESSAG('Z - V105971
3566 IPLACE-2
3561 IF (AsS(ZVAL) GT.9f99.6.OR.A85(ZVAL).LT.6.61) IPLACE-2
3562 CALL REALNO(ZVAL.IPLACE.6.4.7.1
3563 CALL XNAME('TIME (PICO-SECONDS)S .166)
3564 IF (NSRF.E .6.OR.NSRF.EQ.12.OR.NSRF.EQ.18) THEN
3565 CALL YNAME( 'MODE AMPLITUDE$- Ise)
3566 CALL MESSAO('KY - $1.106.4.i,7.1)
3567 IPLACE-2
3568 IF (ABS(SECR) .GT.9999.6.OR.ABS(SECR).LT.6.61) IPLACE-2
3569 CALL REALNO(SECR .IPLACE.4.7.7 1)
351 ISECmINT((SECR4.MYHP/YM2MI).YM2M1)
3511 ELSE
3512 CALL YI4AME( 'AMPLITUDE$'.I0S)

*3513 IF (NY.LE. 8) THEM

3515 CALL ME CR)(I D TRA.$'.106.5.9.7.35)

3516 GO TO (512,513,514.515) ITYPE( ISEC)
'~''3517 512 CALL MESSAG('SEC-HYPERB. . EX5 - $'.166.6.1.7.1)

3518 GO TO 516
3519 513 CALL MESSAG('RECTANGULARS'.1006.1.7.1)
3526 GO TO 516

* ~3521 514 CALL MESSAG('LORENTZIAN .EXP - '16.17)
3522 GO TO 516
3523 515 CALL MESSAG('EXPONENTIAL .EXP - '10..7)

P,3524 516 CONTINUE
3525 IF (ITYPE(ISEC).NE.2)f THEN
3526 XRTYPE-RTYPE(ISECj
3527 IPLACE-2
3528 IF (ABS(XRTYPE).GT.9999.6.OR.ABS(XRTYPE).LT.6.61)
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3529 1 IPLACE-2
3530 CALL REALNO(XRTYPE.IPLACE.2.4.7.1)
3531 ENDIF
3532 IF (NY.GT.1) THEN
3533 CALL MESSAG('CASES',190.4.e,7.1)
3534 CALL INTNO(ISEC.4.7.7.1)
3535 ENDIF
3536 ELSE
3537 CALL MESSAG('Y - $'.100.4.2.7.1)
3538 IPLACE-2
3539 IF (ABS(SECR).GT.9999.9.OR.ADS(SECR).LT.0.61) IPLACE-2

*3546 CALL REALNO(SECR.IPLACE.4.7.7.1) 53541 CALL MESSAG( 2 - DIM.$ 100.5.9.7.35
3542 ISECmINT((S ECR+RDY.NYHP)/RDY)
3543 ENDIF
3544 ENDIF
3545 C
3546 C -CROSS SECTION DATA
3547 DO 526 KIm1.NT
3548 SECTN(K1 )-SRF(K1.ISEC)
3549 SECT! (Ki -SRFI K1.ISEC)
3556 XX(Kl)-TMI+RDT*(KI-1)
3551 520 CONTINUE
3552 C
3553 C - DRAW COORDINATE SYSTEM
3554 NECLEC-1
3555 WSTP-8.e
3556- CALL NYSXIS(SECTN.NT.NECLEC.WORIG.WSTP.WMAX)
3557 NECLEC-0
3558 WSTP-0.0
3559 CALL NYSXIS(SECTI .NT.NECLEC,WORIG.WSTP.WMAX)
3566 CALL GRAF(TORIG.TSTP.TMAX,WORIG.WSTPWMAX)
3561 C
3562 C - COMPLETE COORDINATE FRAME AND TICKMARKS
3563 XDUM (1)-TORIG
3564 XDUM (2) TMAX
3565 YDUM( I )WMAX
3566 YDUM(2) -WMAX
3567 CALL CURVE (XDUM.YDUM.2.6)
3568 NTIK-N!NT( (TMAX-TORIG)/TSTP)
3569 YDUU -l A
3576 YDUM 2j:=WMX-(WMAX-WORIG)/56.6
3571 XDM-TORIG
3572 DO 536 ITK-1,NTIK-1
3573 XDM-XDM4TSTP

* 3574 XDUM(1 )-XDM
3575 XDUM (2)-XDM
3576 CALL CURVE(XDUU.YDUM,.6
3577 536 CONTINUE
3578 XDUM (1) TMAX
3579 XDU 2 -TMAX
3586 YDUM( I)-*MAX
3581 YDUM (2)-WORIG
3582 CALL CURVE (XDUM.YDUM.2.0)
3583 NTIK-NINT( (WMAX-WORIG)/WSTP)
3584 XDUM (1 )TMAX-(TMAX-TOR IG)/56.0
3585 XDUM (2) -TUAX
3586 YDM-WORIG
3587 0O 537 ITK-1.NTIK-1
3588 YDM-YDk++WSTP
3589 YDUM(1 -YDM
3596 YDUM (2) mYOM
3591 CALL CURVE(XDUM.YDUM.2.6)
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3592 537 CONTINUE
3593 C
3594 C - DRAW CROSS SECTION CURVES
3595 NPOINTS-NT
3596 CALL CURVE(XX.SECTNNPOINTS.0)
3597 CALL DASH
3598 CALL CURVE(XX,SECTI.NPOINTS.0)
3599 CALL RESET(;DASH')
360 CALL ENDPL(0)
3601 GO TO 590
3602 540 CONTINUE
3663 c
3604 C - VERTICAL CROSS SECTION ( FIRST VARIABLE FIXED IN SRF); AMPLITUDE
3605 C
3606 C - START A NEW GRAPHICS FRAME FOR THIS CROSS SECTION
3607 CALL RESET( ALL-)
3668 CALL AREA2D(GRFSZ.GRFSZ)
3609 CALL INTAXS
3610 c
3611 C - HEADLINE. LABELS, AND PARAMETER
3612 GO TO (590.590,542. 590,590.543, 590,590,544.
3613 1 590.590.545. 590.596,546. 590,590,547) NSRF
3614 542 CALL HEADIN('RAMAN PUMP: AMPLITUDES',1,1. 5.1)
3615 GO TO 549
3616 543 CALL HEADIN('RAMAN PUMP: AMPLITUDE (FFT)$P,100.1.5.1)
3617 GO TO 549
3618 544 CALL HEADIN('RAMAN STOKES: AMPLITUDE$',10.1.5,1)
3619 GO TO 549
3620 545 CALL HEADIN('RAMAN STOKES: AMPLITUDE (FFT)$',106,I.5.1)
3621 GO TO 549
3622 546 CALL HEADIN('RAMAN MAT. EXC.: AMPLITUDE$,100.1.5.1)
3623 GO TP 549
3624 547 CALL HEADIN('RAMAN MAT. EXC.: AMPLITUDE (FFT)$'.100.1.5.1)
3625 549 CONTINUE
3626 CALL MESSAG('SOLID - REAL$' 100.6.1.7.35)
3627 CALL MESSAG('DASHED - IMAG.$'.1001,7.7.35)
3628 CALL MESSAG('Z - $'.16,5.9,7.1)
3629 IPLACE-2
3636 IF (ABS(ZVAL).GT.9999.0.OR.ABS(ZVAL).LT.6.61) IPLACE-2
3631 CALL REALNO(ZVALIPLACE.6.4.7.1)
3632 IF (NSRF.EQ.6.OR.NSRF.EQ.12.OR.NSRF.EQ.18) THEN
3633 CALL XNONUM
3634 CALL XTICKS(O)
3635 CALL YNAME('FFT AMPLITUDE$'.160)
3636 RDYX-RDYF
3637 XORIG-YFORIG
3638 XSTP-YFSTP

* 3639 XMAX-YFMAX
3646 ELSE
3641 CALL XNAME('Y-DIMENSION (CM)$',IS)
3642 CALL YNAME('AMPLITUDE$',I16)

'V 3643 RDYX-RDY
3644 XORIG-YORIG

'P 3645 XSTP-YSTP
3646 XMAX-YMAX

* 3647 ENDIF
3648 IF (NT.LE.8) THEN
3649 CALL MESSAG('EXPON.. NHYP - $',1e0.,7.1)
3656 CALL INTNO(NHYP.2.0.7.1)
3651 CALL MESSAG('1 - 0 STA.$'.100.5.9.7.35)
3652 ISEC-NINT(SECR)

' 3653 IF (NT.GT.1) THEN
3654 CALL MESSAG('CASE$'.I6.4.O.7.1)
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3655 CALL INTNO(ISEC.4.7.7.1)
3656 ENDIF
3657 ELSE
3658 CALL MESSAG(IT - $'.109.4.2.7.1)
3659 IPLACE-2
3666 IF (ABS(SECR) .GT.9999.6.OR.ABS(SECR).LT.6.61) IPLACE-2
3661 CALL REALNO(SECR.IPLACE.4.7.7.1)
3662 CALL MESSAG(-2 - DIM.$- 100 5.9 7.35)
3663 ISEC-INT((SECR+RDT.(NT/2+1 ))/RDT)
3664 ENDIF
3665 C
3666 C -CROSS SECTION DATA
3667 DO 555 Klml.NY
3668 SECTN (Ki )-SRF (15C.KI)
3669 SECT! (KI )-SRFf(I SECKI)
3676 XX(K1 )-XORIG+RDYX.(KI-1)
3671 555 CONTINUE
3672 C
3673 C - DRAW COORDINATE SYSTEM
3674 NECLEC-1
3675 WSTP-0.0
3676 CALL NYSXIS(SECTN.NY.NECLECWORIG.WSTP.WMAX)
3677 NECLEC-6
3678 WSTP-O.9
3679 CALL NYSXIS(SECTI .NY.NECLEC.WORIG.WSTPWMAX)
3666 CALL GRAF(XORIGXSTP.XMAX.WORIG.WSTP.WUAX)
3681 C
3682 C -COMPLETE COORDINATE FRAME AND TICKUARKS
3683 XDUU 1 -XORIG
3684 XDUM (2-XMAX
3665 YDUM (1 ~WX
3686 YDUM (2)-WMAX
3687 CALL CURVE(XDUM.YDUM.2.6)
3688 IF (MY.GT.8AND.(NSRF.EQ.6.OR.NSRF.EQ.12.OR.NSRF.EQ.15)) GOTO 566
3689 NTIK-NiNTi((MAX-XORIG)/XSTP)
3696 YDUM(1)WMX
3691 YDUU (2)-WMX-(WlMAX-WORIG)/50.O
3692 XDM-XORIG
3693 DO 567 ITK-1.NTIK-1
3694 XDM-XDM+XSTP
3695 XDUM(1)mXDM
3696 XDUU (2) -XDU
3697 CALL CURVE(XDUMYDUM.2.0)
3696 567 CONTINUE
3699 568 CONTINUE
3766 XSUU(1)-XMAX

E 3761 xDU -XMAX
3762 YDUM(I)-WMAX
3763 YDUM (2)-WORIG
3764 CALL CURVE(XDUM.YDUM.2,6)
3765 NTIKmNINT( (WMAX-WORIG )/WSTP)
3766 XDUM I mXMAX-(XMAX-XOR IG)/56.6
3767 XDUM (2) -XMAX
3768 YDM-WORIG
3769 DO 569 ITK-1.NTIK-1
3710 YDM-YDM+WSTP
3711 YDUM (1)-YDU
3712 VOUM(2)-YD#J
3713 CALL CURVE(XDUM.YDUM.2,6)
3714 589 CONTINUE
3715 C
3716 C - DRAW CROSS SECTION CURVES
3717 NPOINTS-NY
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3718 CALL CURVE(XX.SECTN.NPOINTS.e)
3719 CALL DASH
3728 CALL CURVE(XXSECTI.NPOINTS.)
3721 CALL RESET 'DASH')
3722 C
3723 C - AXIS AND LABEL FOR FFT COORDINATE
3724 IF (NY.GT.8.AND'(NSRF.EQ.6.OR.NSRF.EO.12.OR.NSRF.EQ.18))
3725 1 CALL XISFFT( X'.WORIG.WMAX)
3726 C
3727 C - END AMPLITUDE SECTIONS
3728 CALL ENDPL(6)
3729 596 CONTINUE
3736 RETURN
3731 END
3732 c
3733 c
3734 c
3735 c
3736 SUBROUTINE NYSXIS(VEC.NPOINTS.NECLEC.VECBOT.VECOAP.VECTOP)
3737 c
3738 C This subroutine was written by Godehard Hilfer (3/87). It finds
3739 C 'nice' end-values (vecbot.vectop) and Intervals (vecgap) for
3740 C linear coordinate axes.
3741 c
3742 C The subroutine can find such values around the extremes of the
3743 C argument veC and/or around the input values of the arguments vecbot
3744 C and vectop. This is determined by the argument neovec. If
3745 C necveC ,,-I then the input vector veC is neglected and
3746 C 'nice' limits and Interval are only based on
3747 C the current values of vecbot and vectop. If
3745 C necveC - 0 then vecbot and vectop are also incorporated
3749 C in the search for the extreme of v.c.
3756 C thereby allowing user controled lower
3751 C limits for those extreme. If
3752 C necveC 1 then current values of vecbot and vectop are
3753 C neclected and 'nice' limits and Interval
3754 C based on the npoints values In veC alone.
3755 C It is also possible to 'hard-wire' the lower (upper) end-value to
3756 C the current value of vecbot (vectop) by setting the argument veogap
3757 C to -1.0 (1.6) as input. If vectop-2.6 on input both end values are
3758 C 'hard-wired'.
3759 c
3760 C The subroutine finds the extreme of the Input data. Then it
3761 C determines the largest Integral power of ten (xtrpow) that Is still
3762 C smaller than the larger of the absolute values of the extrema.
3763 C Based on xtrpow the leading two decimal places of the extreme are
3764 C compared with each other. The possible difference in the leading
3765 C decimal places the extreme belong to one of seven interval classes
3766 C with the following Interval sizes: 0.065, 0.05. 0.1. 0.2, 6.5. 1.6,
3767 C 2.6 times xtrpow. The extremal values are one interval beyond the
3768 C integer that is closest to the extreme. If the hard-wiring option
3769 C was chosen the hard-wired end value is reinstated before the
3776 C interval and end values are returned to the calling routine.
3771 c

3772 C -variables -
3773 c
3774 C mantdif - difference in Integral mantissa of extreme
3775 C mantlw - lower extremum Integral mantissa
3776 C mantup - upper extremum Integral mantissa
3777 C nechrd - hard-wiring flag3778 C necveC - flag that picks input data

3779 C npoints number of elements to be considered in data vector vec
3760 C vcevnl - even lower extremum guide
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3781 C vcevnu - even upper 19xtremum guide
3782 C vchdbt - hard-wired bottom value
3783 C vchdtp - hard-wired top value

4, 3784 C veanti - lower ext remum divided by dominant power of 10
3785 C vcmntu - upper extrenum divided by -dominant power of 10
3786 C veC - data vector
3787 C veobot - data minimum and return* 'nice' lower value
3788 C vecgap - hard wiring flag on Input; 'nice' interval on output
3789 C veemax - upper data extremum
3790 C vecmin - lower data extremum
3791 C votop - data maximum and returns 'nice' upper value
3792 C xtrpow - dominant power of 16

493793 C xtrpwl - nemxt in tegral power of 10 below lower extremum
3794 C xtrpwu - next integral power of 10 below upper extremum
3795 C
3796 c
3797 PARAMETER (NTu-256.NYm128,NTPY-NT+NY)
3798 C
3799 DIMENSION VEC(NTPY)
3806 C

0-23861 C -STORE INPUT VALUES
*3802 VCHDBT-VECBOT

3803 VCHDTP-VECTOP
3864 NECHRD-NINT( 100.OeVECGAP)
3805 C
3866 C -CORRECT OR RETURN UPON ERRONEUS INPUT
3807 IF (NECHRD.NE.-100.AND.NECHRD.NE.100.AND.NECHRD.NE.200) NECHRD-0
3808 IF (NECLEC.NE.-1.AND.NECLEC.NE.0.AND.NECLEC.NE.1) THEN
3809 WRITE (59.) 'note: NECLEC IN SUBROUTINE NYSXIS OUT OF RANGE'

Q:3816 RETURN
3811 £4401V
3812 IF (NECLEC.LT.1 .AND.VECBOT.GE.VECTOP) THEN
3813 WRITE (59;) 'note: VECOOT IS GREATER THAN OR EQUAL TO VECTOP
3814 1 IN NSXIS'
3815 VECIOT-AMINIJVECSOT.VECTOPJ
3816 VECTOP-AMAXI ?VECOOT.VECTOP~
3817 ENDIF
3818 C
3819 C -FIND EXTREMA
3820 NECLEC-NECLEC+2
3821 GO TO (610.826,830) NECLEC

''3822 810 CONTINUE
3823 VECMIM-VECEOT
3824 VECMAX-VECTOP
3825 GO TO 846

'p3826 820 CONTINUE
ep3827 VECMIN-VEC(ISMIN(NPOINTS.VEC. 1))

3828 IF (NECHRD.EQ.-loo.OR.NECHRD.EQ.200.AND.VECuIN.LT.VECOT) THEN
3829 WRITE (59,e0 'warning: FUNCTION EXTENDS BELOW AXIS'
3830 ENDIF
3831 VECMAX-VEC(ISMAX(NPOINTS.VEC,1))
3832 IF (NECHRD.EQ.100.OR.NECHRD.EQ.200.AND.VECMAX.GT.VECTOP) THEN
3833 WRITE (59.) 'warning: FUNCTION EXTENDS ABOVE AXIS'k3834 ENDIF
3835 VECUIN-AMINI (VECMIN.VECBOT)

03836 VECMAX-AMAXI (VECMAX.VECTOP)
3837 GO TO 840
3838 830 CONTINUE
3639 VECMIN--VEC (ISMIN(NPOINTS.VEC.1)
3840 VECMAX-VEC (ISMAX (NPOINTS.VEC.1)
3841 840 CONTINUE
3642 C
3843 C - CONSIDER HARDWIRED VALUES AS EXTREMA

0'
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3844 IF (NECHRD.EQ.-ISO) THEN
3845 VECMIN-AUINI(VECBOT VECMIN)
3846 ELSE IF (NECHRD.EO.100) THEN
3847 VECMAX-AMAX1 (VECTOP.VECMAX)
3848 ELSE IF (NECHRD.EQ.200) THEN
3849 VECUIN-AMINI (VECBOT,VECMIN)
3856 VECMAX-AMAXI (VECTOP.VECMAX)
3851 ENDIF
3852 C
3853 C -FIND DOMINANT INTEGRAL POWER OF TEN FOR THE EXTREMA

* 3854 RCUT-1 .SE-35
3855 IF (ABS(VECMAX).GT.RCUT) THEN_
3858 CALL POWBAS(VECMAX.XTRPWU)
3857 IF (ABS(VECUIN).GT.RCUT IHEN
3858 CALL POW8AS(VECMINXIRPWL)
3859 XTRPOW-MAX(XTRPWU.XTRPWL)
3886 ELSE
3861 XTRPOW-XTRPWU
3862 ENDIF
3863 ELSE
3864 CALL POWBAS(VECUIN.XTRPOW)
3865 ENDIF

43868 C
3867 C - FIND MANTISSA OF THE EXTREMA
3868 VCMNTUmVECMAX/XTRPOW
3869 VCMNTL-VECMIN/XTRPOW
3870 C
3871 C - CONSTANTS OR EXTREMA THAT DIFFER BY LESS THAN ONE IN THE

*3872 C THIRD SIGNIFICANT PLACE
3873 IF (ASS(VCMNTU-VCMNTL) .LE.S.01) THEN
3874 VCEVNU-6 .01.(HINT ( 16.OVCmt4TU +1)
3875 VCEVNL-0.01. (NINT (100.9.VCMNTL)-1)
3876 VECGAPmO005.XTRPOW
3877 GO TO 880
3878 ENDIF
3879 C
3880 C - MAKE INTEGER OUT OF THE LEADING TWO SIGNIFICANT PLACES
3881 IANTUP-NINT ( 1.0.VCMNTU)J
3882 MANTLW -NINT ( 1.0.VCMNTL)
3883 MANTO IF-ASS(MANTUP-MANT LW)
3884 C
3885 C - EXTREMA DIFFER BY LESS THAN 2 PERCENT
3886 IF (MANTDIF.LT.2) THEN
3887 VCEVNIJ-6.05e(I NT (NINT (I 16.0VCMNTU )/5 )+1)3888 VCEVNL-$.05 ( INT( NINT(I9: 1.SVCMT)5-1)
3889 VECCA " .05.XTRPOW
3890 C
3891 C - EXTREMA DIFFER BY LESS THAN 16 PERCENT

43892 ELSE IF (MANTDIF.LT.10) THEN
3893 VCEVNUwO.ls (MANTUP+1)
3894 VCEVNL-0.1. (MANTLW-1)
3895 VECGA~hwO. 1 *XTRPOW
3896 C
3897 C - EXTREMA DIFFER BY LESS THAN 20 PERCENT
3898 ELSE IF (MANTDIF.LT.20) THEN
3899 VCEVNUmO.2* CINT MANTUP/2)+1)

4 390 VCEVNL-O.2* CINTj:MANTLW/2)-1)
3901 VECGAP-0.2*XTRPOW
3902 C
39S3 C -EXTREMA DIFFER BY LESS THAN 50 PERCENT
3904 ELSE IF (MANTDIF.LT.50) THEN
3905 VCEVNU. 5: CINT (MANTUP/5)+1)3906 VCEVNL-0.5. INT (MANTLW/5)-1)

4
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3967 VECGAP-0.5*XTRP(IW
3968 C
3969 C -EXTREMA DIFFER BY LESS THAN 160 PERCENT
3916 ELSE IF (MANTDIF.LT.166) THEN
3911 VCEVNU-1.6 ( INT(MANTUP/19 )+83912 VCEVNLI.6. INT(MATL/6))
3913 VECGAP-XTRPOW

*3914 C
3915 C - EXTREMA DIFFER BY MORE THAN 180 PERCENT (E.G. OPPOSITE SIGN)

%3916 ELSE
3917 VCEVNU-2.6. C NT(MANTUP/29)+1)
3918 VCEVNL-2.6. INT (MANTW2)1
3019 VECGAP-2 . .X1RPOW
3926 ENDIF
3921 886 CONTINUE
3922 C
3923 C - HARD-WIRED LOWER END VALUE
3924 IF (NECHRD.EQ.-i66) THEN
3925 VECTOP-VCEVNU*X TRPOW
3926 C
3927 C - NO HARD-WIRED END VALUE
3928 ELSE IF (NECHRD.EQ.O) THEN
3929 VECTOP-VCEVNU*XTRPOW
3936 VECGOT-VCEVNL*XTRPOW
3931 C
3932 C - HARD-WIRED UPPER END VALUE
3933 ELSE IF (NECHRD.EQ.166) THEN
3934 VEC8OT-VCEVNL*XTRPOW
3935 [WDIF
3936 RETURN
3937 END
3938 c
3939 c

41 3946 c
3941 c
3942 SUBROUTINE POWBAS(VARBLEPWDECN)
3943 c
3944 C This subroutine was written by Godehard Hilfer (3/87). It determines
3945 C the next lower Integral power of 16. pwdocn. of the quantity varb.
3946 C If varbie vanishes pwdecn returns 1.6.
3947 c

43948 RCUT-1.6E-35
3949 VASS-ABS(VARBLE)
3956 IF (VD.TRU)GO TO 16

3951 PDCN-.OE-36
3952 RETURNI
3054 XPLOGmALOGI 6(VAUS)
3955 PWDECN-10 OeeINT(XPLOG)
3956 IF (XPLOG.L.0.0) PWDECN-PWDECN/1S.0
3957 RETURN-

*3958 END
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INTRODUCTION

The manual at hand is intended to introduce the reader to the use of the (2+1)-
dimensional Raman amplifier code RAM2D 1 and the accompanying diagnostic program

, *PRAM1 as installed on the CRAY X-MP 24' computer of the Central Computing

Facility (CCF) of the U.S. Naval Research Laboratory (NRL).

Both programs are written in CRAY-FORTRAN (CFT) and run under the CRAY
operating system (COS). The computational setup at NRL favors batch job operation.
In this mode, the user does not interact directly with the CRAY computer while work-
ing with RAM2D1 or PRAM1. Four Digital Equipment Corporation (DEC) VAX'

" computers (called NRL1, NRL2, NRL3, NRL4) process independently and simultane-
ously the requests of all users for communication, editing, storage, etc. Any of the
four machines can be used interchangeably. Due to size and speed requirements most

computations when using RAM2D1 and PRAM1 are done on the CRAY computer.
, Presently the only computational use of the VAXes is the post processing of the graph-

ics data files that are generated by PRAM1. These data files contain device independent
graphics data which he VAX software converts into data that can be displayed on a
VT240-type terminal or a laser printer. All other computing is done on the CRAY.

Data storage is available4 separately both on the CRAY and on the VAX com-
puters. Both primarily utilize quickly accessable hard disk storage devices. However,
both locations offer also the more economical long term tape storage option. All files
(datasets) in memory during computation on the CRAY computer are volatile. That
means that a computational process has to be given explicitly all the necessary datasets
and the results have to be retrieved explicitly from it; otherwise,l the datasets disappear

upon completion of the job. The resulting data can be sent to the VAX for storage or
can be stored on devices that are reserved for CRAY use only.

The data files resulting from the execution of RAM2D1 are programmed to be

stored on the CRAY tape storage device (= off-line; CRAY disk = on- line). The
code PRAM1 uses these data to produce a DISSPLA-META' file which is the device
independent data file mentioned above. A batch job command transfers this file to the
VAX computer post morten of PRAM1 for storage and/or post-processing. Through
the VAX, the data can be displayed or printed.

The remainder of this manual contains explicit instructions and examples pertain-
ing to the use of the computers and the programs RAM2d1 and PRAMI so that the

user can, with a particular input parameter choice in hand, run the codes and carry
.5- the results home on paper.
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1 CRAY X-MP (and other CRAY logos) is a registered trademark of CRAY Re-

search, Incorporated, Mendota Heights, MN.

2 VAX, DEC, and others are registered trademarks of the Digital Equipment Cor-
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3 DISSPLA is a registered trademark of the Integrated Software Systems Corpora-
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CHAPTER I

GETTING STARTED

PART I.A COMPUTER ACCESS / LOGIN

Section I.A.l: Telephone Access

For remote access, by means of a personal computer and the telephone network,
find appropriate communications software (e.g. VTEK, KERMIT, or other) to dial
Washington, D.C., metropolitan area phone number 767-2000 for a 1200 baud connec-
tion to the Naval Research Laboratory Central Computing Facility (NRL CCF). For a
2400 baud connection dial the number 767- 1240.

Should you have problems call 767-3512 for a status information on the CCF, or
call the consultants desk 767-3542 for assistance Mondays through Fridays from 9am
to 5pm.
After the connection is made type: < (carriage return)

0<

two or more carriage returns until the computer prompts: # From here proceed to
section I.A.4: DEC-server.
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Section I.A.2: Hardwired Terminal Access

Access through one of the terminals at the CCF is obtained in the following way:

Turn the power on.

type: < (return)

prompts: You may now enter Net/One commands
~>

type: c cts <

prompts: connecting ... (1) ------ success
io#

From here proceed to section I.A.4: DEC-server.

Section LA.3: Building A68 Access

The terminals in building A68 at NRL (John Reintjes' section) are connected to

the communications server CS/200T which in turn is hardwired directly to the front-

end VAX computers. Thereby the DEC-server involved in all other access paths is

circumvented. Proceed as follows: Turn the power on.

type: < (return)

prompts: CS/200T>

type: c nrl <

" which will establish connection to NRL3 (alternatively type: c nrll <, or c nrl2 <,

or c nrl3 <). From here proceed to section I.A.5: VAX login. In building A68 NRL4

can only be accessed through the DEC-server. For that, turn the power switch of the

terminal to ON

0 type: < (return)

prompts: CS/200T>

type: c lat-gw <

prompts: Querying Primary Name Server...

Connecting... session I -- connected to lat-gw

type: <

prompts: Local>

which indicates successful access to the DEC-server. From here continue with what

SO follows the prompt Local> in section I.A.4: DEC-server below.
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Section I.A.4: Dec-Server

When the computer

prompts: #

type: n < (Note: the letter n will not show up on the screen!)

prompts: Enter username>

type: 'your useruame' < (=name under which you may use the VAXes)

prompts: Local>

Now you have accessed the so-called DEC-server. (type: help < if you wish on-line

information about this networking facility; otherwise:)

type: c nrl <

to be connected with one of the four VAX front-end computers. You may explicitly

specify the VAX or your choice (e.g. c nrl3 < , to get onto the NRL3 computer etc.).

A standard VAX-login ensues. Proceed to section I.A.5: VAX Login.

Section I.A.5: VAX Login

The last pressing of the return key should effect that the system

prompts: Username:

whereupon it is necessary to

type: 'your username' <

* prompts: Password:

type: 'your password' < (will not echo)

Then the VAX computer executes the login which will be finished when a $-sign

appears on a line by itself following all other text on the screen.

From here proceed to Section I.B.2: Obtaining the Necessary Files, if you do not

have them; or continue with Section I.B.3: Editing Files, if you do have all the files but

need to change something; or turn to Chapter II, if you have the correct set of files for

the intended simulation, or, if the simulation was previously done and the results need

to be converted into graphs; or Chapter Il, Viewing the Results, to see the graphs

actually come out on the terminal screen or on paper; or turn to Part IV.A., File

Storage, if programs or data need to be moved into storage or removed from it.
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Section I.A.6: VAX Logout

4To leave the computer system one has to logout. This procedure terminates all

access to and responses from the computer. To logout

type: log <

which, e.g.,
0 prompts: USER logged out at d-a-t-e t:i:m:e

Local - Session x disconnected from NRL

Local>

40 This is the prompt of the DEC-server network node. A second LOG is necessary to

signoff from it and to free the port of access. Thus,

type: log <

which will be acknowledged by telling from which port was logged off. In all it takes

Otwo log to finish the computing session. The second log is not necessary but neither*
harmful when using the building A68 communication server CS/200T. After that the

terminal is disconnected from the CCF.

If the front-end VAXes do not obtain new input from the terminal within roughly

8 minutes, a ten minute countdown associated with two warnings, 5 minutes apart,

ensues followed by an automatic logout of the inactive user.

Section I.A.7: CRAY Login/Logout

Access of the batch job to the CRAY is authorized by means of the first two batch

job file command lines: 'JOB. -- -. ' and 'ACCOUNT.---. ' (see also subsection I.B.5.1:

The Batch Job Command File). Access to the CRAY computer and its storage facilities

is limited to the command lines in the batch job command file.

PART I.B FILE MANAGEMENT

Section I.B.I: Names of the Game

I.B.1.1 Code File Names in VAX/VMS

The nomenclature of all relevant files is as follows. The names of the source codes

as indicated above, are RAM2D1 and PRAM1. The name RAM-2D- 1 abbreviates
that this code solves the Raman amplification problem in 2-D. i.e., the two spatial
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dimensions: z (linear coordinate along the central Stokes beam ray path) and y (lin-

ear coordinate orthogonally transverse to z). The character 1 in the name indicates

that this is the first generation of this code. The diagnostic program name P-RAM-1

abbreviates: plots of the Raman amplifier code, 1st generation.

Both source codes reside on the VAX computers. Following the VAX/VMS oper-

ating system particulars, their full VAX-file names are:

DUA107:[HILFER.FORIRAM2DIC.FOR;1

DUA1O7:[HILFER.FORIPRAMICD.FOR;1.

According to VAX/VMS conventions the name elements and their meanings are:

DUA107: indicates the specific storage disk name on which the file is stored. [HIL-

FER.FOR] indicates that the file belongs to the subdirectory FOR of the HILFER

directory of files on that disk. The code name RAM2D1 was supplemented by suffix C

to indicate version C of the code (see Appendix D for details and other versions). The

arbitrarily chosen file extension .FOR is a reminder that the file contains a FORTRAN0

A code. The file version ;1 is a number that serves the VAX computer to distinguish

files of the same name. Every time the file is amended or changed, the VAX computer

will keep the old file with its full old name and will create a new file with amendments

and/or changes that will be given the same name but a version number one greater than

that of the old file. Therefore, the highest version number indicates the most up-to-date

version of the same file. The characters CD in PRAMICD indicate that this version of

y -" PRAMI works with RAM2D1C and RAM2D1D (i.e. on the NRL-CRAY, as opposed to

PRAMIAB, which works with RAM2D1A and RAM2D1B on the NMFECC-CRAYs).

All relevant files are stored by default in the same directory on the same disk.

Hence, the file name portion DUA107:[HILFER.FOR] is the same for all files and will

be dropped in this manual for brevity's sake. Since the version number may be larger
* than 1 depending on, and only significant for, code development, the user can neglect

it and it will be dropped also. Thus, the code names reduce to, simply,

RAM2D1C.FOR

PRAM1CD.FOR

I.B.1.2 Relevant Groups of Files

The relevant files can be grouped by their file name extensions (i.e., three charac-

ters following the dot in the full file name analogous to what was described in subsection

I.B.1.1: Code File Names in VAX/VMS). There are the following groups:

138

0.:

;. , : :% ,V. a '* y. J- '



.FOR (the 2 source code files mentioned in subsection [.B.1.1)

4b .DAT (input and output data files)

.JOB (batch job command files containing the user's commands for the CRAY com-

puter)

.CPR (message files generated by the CRAY computer system during job execution

containing listings, messages, and a batch job log)

.MSG (message files generated by the FORTRAN code during job execution contain-

ing formated and unformated output as programmed by the code developers.)

.TMP (device specific graphics data files that can be printed on the laser printer)

LB.1.9 Modes of Operation and Encryption of Dimensions

The code's operation as a two-dimensional or one-dimensional model is switched by

the field array dimension parameters NT and NY. If both integers are larger than eight,

V two-dimensional operation is indicated and the algorithm expects that the parameters
are set to integral powers of 2. If one of the parameters is 8 or smaller, the variable (t

or y) associated with that parameter ceases to be a variable, and refers instead to the

number of cases being run in the one dimesional mode. Both NT and NY must never be

8 or less simultaneously.

In short, the values of NT and NY are salient characteristics of any simulation

and serve, therefore, to distinguish data files and code versions by contributing two

characters to every file name. The first of both characters indicates the value of NT, the

second that of NY according to the following scheme. If the value is 8 or less, that value

is used as one file name character. The one (or both) parameter(s) that is larger than

*8, which must be an integral power n of 2, is represented by the n-th character of the

alphabet. For example, if NTfi and NYf1024=2 0 , one finds the character 5 followed

by the tenth character of the alphabet (=J) as a two character block (--53--.--), in

all relevant file names. For a list of typical encrypted dimensions and their NT x NY

equivalence, see the table in section V.D.2.S

* I.B.1.4 Names of Adjunct Files on the VAX Computer

The other relevant files that reside on the VAX besides the FORTRAN source

codes are data files, message files and batch job command files.
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INPUT DATA FILE

The input data files can be distinguished by a file name beginning with the char- S
acter N followed by three more characters and ending with the extension .DAT. E.g.

NR1J.DAT

NPGI.DAT

The second file name character is either R, if this is an input data file for RAM2D1,

or P, if this is an input data file for PRAM1. The third and fourth character are the two

character block that contains the values of the code parameters NT and NY encrypted

as described in subsection I.B.1.3 .

GRAPHICS DATA FILES

There can be two types of output data files on the VAX. One is the so-called

META-file by the name

PLT2.DAT

which is generated by the DISSPLA-graphics subroutines in PRAM1. The other is the

data file that the DISSPLA-postprocessing software on the VAX generates with the

name

INTSCRT.TMP S

when the graphs in PLT2.DAT are requested as laser printer hardcopies. It is the duty

of the user to find a means of distinction for these equally named output data files

from a series of simulations. It is suggested to rename these files mnemonically. This

is easily done by the VAX command RENAME,

type: RENAME PLT2.DAT 'new file name'

following the VAX-prompt $.

MESSAGES FILES

Two types of message files can be found in the VAX user directory. Except for a

varying file extensions, these files have the same name as the batch job command file

(see next paragraph) from which they originated. There are MSG-files. One such file

is created if a code generates output due to formatted and/or unformatted write state-

ments. These statements constitute the sole content of this file. The file is identified

by its .MSG file extension. For example,

CR1J.MSG

XPGI.MSG
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Secondly, there are CPR-files one of which is generated by the CRAY computer

aevery time a job is run. For example,

CR1J.CPR

"a' XPGI.CPR

These files document the batch job execution by recording information such as:

* program listing, error messages from the CRAY operating system and the CRAY com-

piler timing information regarding batch job execution, space and cost information and

more esoteric information relating to the CRAY computer usage.

JOB FILES

The batch job command files have a name similar to the input data files. The only

two differences being the .JOB file extension instead of .DAT, and the initial letter

being C or X instead of N. For example,
CR1J.JOB

* XR1J.JOB

CP1J.JOB

XP1J.JOB

A first letter X indicates a job file that executes the code associated with it (see

second letter of job file name: R for RAM2D1, P for PRAM1). A first letter C indicates

a job file that will first compile and assemble the source code before running the newly

created executable file.

All file names mentioned above apply to the VAX directory of files [HILFER.FOR].

*" When a batch job fetches a file (source code or input data file) from VAX storage and

transfers it to the CRAY during job execution, the VAX name (specified by TEXT=' - -

-. on the FETCH command line in the job file) is changed to a CRAY dataset name

(as given by DN=' - - -' on the same FETCH command line).

I.B.1.5 CRAY Dataset Names

SOURCE CODE

* The source codes have a three character dataset name when used on the CRAY

computer. The first character is R (or P) for RAM2D1 (or PRAM1). The second and

third character give the NT and NY parameter values as described in subsection I.B.1.3.

For example,

I RIJ is RAM2DI on the CRAY with. NT=I, NY=21 °

PGI is PRAMI on the CRAY with. NT=2', NY=2'
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Either dataset appears on the CRAY following a FETCH command line in a C-

.JOB file and disappears automatically following completion of the job.

EXECUTABLE DATASET

The executable dataset resulting from compilation of either source code is usually

kept (SAVE command line in JOB-file) under the same dataset name as its parental

source code, but amended by a preceeding X. For example,

XR1J

XPGI

INPUT DATASET

The input dataset to RAM2D1 following a FETCH form the VAX is named

NRAM,

the input dataset to PRAMI is named
StNPRAM1

on the CRAY computer.

OUTPUT DATASET

The output resulting from execution of RAM2D1 is contained in a single CRAY

dataset when running the code one-dimensionally. When operating the code two-

dimensionally, the number of output datasets is proportional to the number of

z-locations at which field data are kept. All of these data files are saved automatically

in the CRAY off-line storage facility.

All output dataset names begin with the letter F followed by eight alphanumeric

characters if the file results from one-dimensional code operation, and followed by
eleven alphanumeric characters if the file results from two-dimensional code operation.
The second and third character in these dataset names are the two character block

that contains the values of the code parameters NT and NY encrypted as described in

subsection I.B.1.3. The following six characters contain the date at which the execution

of RAM2D1 began. In two-dimensional operation three more numerals (a counter) are

appended to this same name which number the individual field datasets consecutively

as they are created. For example,

FIJ101587 (field dataset with arrays dimensioned NT=I. NY=210 , started on

October 15, 1987)
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FGI101587000 (field datasets with arrays

FGI101587001 dimensioned NT=2 8 , NY2', started

FG1101587002 on October 15, 1987, at different

FG1101587003 z-values)

This counter is 000 for the dataset that contains the list of setup parameters
and initial field data. Its purpose is to enable the user to view output data with the

diagnostic code PRAM1 immediately as they become available during an extensive

run. Such concurrent diagnosis has to be indicated to PRAM1 by setting its input

parameter DONYET to 0 (DONYET should be 1 during regular post mortem diagnosis).

Q' This counter is 001 for the dataset that contains the setup parameters (like -000

dataset), the field data at ZVAL=O.O (like -000 dataset), and the timing information

gathered at the end of the run (unlike -000 dataset). This counter is 002 for the

dataset that contains the field data at ZVAL=1*ZKEEP, 003 at ZVAL=2*ZKEEP, 004 at

ZVAL=3*ZKEEP, etc.

MESSAGE DATASET

User defined messages (mostly conditional error messages) from RAM2D1 (PRAM1)

are gathered in dataset ERRM (EPRM) which is transferred to the VAX under the

name of the current JOB-file but with the file extension .MSG . The other message

dataset from each run, the CPR-file, is created by the operating system and not ac-

cessable to the user until after it is transferred to the VAX post mortem of the run.

Section I.B.2: Obtaining the Necessary Files

Six files are required to simulate the Raman interaction numerically. These are

the FORTRAN source codes

RAM2D1 and

PRAMI

(see subsection I.B.1.1 for full VAX/VMS file names), their respective input data

files

NR--.DAT and

NP--.DAT,

and their respective batch job command files
6 CR--.JOB and

CP--.JOB.
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The dashes -- stand for the particular 2-character block as the choice of dimen-
sions, described in subsection I.B.1.3, necessitates.

Unless the user has immediate access (password) to the [HILFER.FORI- subdirec-

tory it will be necessary to copy these files from there into the user's own directory.

The VAX/VMS copy command serves this purpose. When the VAX

prompts: $

type: COPY DUA107:[HILFER.FOR]RAM2D1C.FOR *.* <

prompts: $

V s.. (Should an error message appear, e.g. copy protection violation or insuf-

ficient privilege, contact the CCF consultants desk at (202)767-3542 or Godehard
Hilfer at (202)767-2028).

type: COPY DUAl07:[HILFER.FOR]PRAMICD.FOR *.* <

prompts: $
type: COPY DUA107:[HILFER.FOR]NR--.DAT ,.* <

prompts: $

type: COPY DUA1O7:[HILFER.FORINP--. DAT *.* <

prompts: $

type: COPY DUA107:[HILFER.FOR]CR--.JOB *.* <
prompts: $

type: COPY DUA17:[HILFER.FOR]CP--.JOB **<

prompts: $

Now all necessary files are in the user's current directory. From this directory the

batch job should be submitted in order for the automatic substitution of default values

for user disk, default directory etc. in the abbreviated file names as they appear in the
batch job command file to work. The message and data files that the job sheds will be

0 send to this directory from which the job was submitted.

Once the dimensionality of the intended simulation is known, the corresponding

NT and NY values will have to be encoded as described in subsection I.B.1.3 and filled

into all the file names of this section. Remember to insert/replace these two characters

also into/in appropriate positions in all file names and dataset names contained in the

two JOB-files! Remember also to verify/change all occurrences of NT .-- and NY=---

in both source codes accordingly.
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The process of inserting/replacing these characters is called 'editing the file.' The

computer software that accomplishes this task is called an 'editor.' A rudimentary
4 description of two selected editors is described below in section I.B.3.

Section I.B.3: Editing Files

.B.3.1 EDT Screen Editor

In order to make amendments, deletions or any other changes in a file (e.g. an
input data file), that file needs to be accessed by an editor program. The preferred

editor of the VAX/VMS operating system is called EDT. It accesses any file in the

following way. When the VAX

prompts: $

type: SET TERMINAL/VTIO0 <

to identify to the editor what industry standard terminal to expect. This setting needs
,4/ to be made only once after login, not every time the editor is invoked. Giving this

setting repeatedly is merely redundant. However, it needs to be set once for the editor

to work properly. The terminal used should actually be a DEC VT100 terminal as

indicated by the command, or at least emulating such; otherwise, the appropriate

setting will have to be found from the VAX/VMS reference manual. Ideally, the user
should have a VT240-type terminal to work with. Without its graphics capability it

will not be possible to view the output from PRAM1 on the screen. Such terminal is

otherwise fully compatible with the VTI00 industry standard and will, therefore, work
fine in the editor given the above setting. This setting is taken by the VAX without

any special response, it just
prompts: $

9. Then

type: EDIT/EDT 'filename.extension' <

- and fill in for 'filename.extension' the name of the file that shall be edited.

* CREATING/EDITING A NEW FILE

The same command

EDIT/EDT 'filename.extension'

* can also be used to create a new file by filling in a filename that is not yet in the

directory. (To see which files are already in the directory see below in section I.B.4.)
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In that case the system

prompts: Input file does not exist

[EOB)

The star indicates that the editor is in its default mode which is the line editing

mode. However, the power and primary function of EDT is its screen editing capability.

To change to screen editing mode

type: c

following the star prompt. Then the screen will be erased and in the top left corner

appears the [EOB] indicating the end of the buffer. Buffer is the name for storage space

that is volatile. The characters stored in it will disappear after the process to which

the buffer belongs is terminated unless the buffer is purposely saved. Anything that

the file contains, can now be typed into the buffer. The 'end of the buffer' indicator

moves automatically down the screen as characters are inserted. The buffer is saved

and becomes the desired file if the editing session is ended with the END instruction.

p-," The alternative would be to finish editing with the QUIT instruction where upon the

buffer is discarded leaving no trace of the editing session whatsoever. To finish either

way
type: z (Ctri z ; i.e. while holding the Ctrl key on the

,-, 'keyboard down type a 'z', then release both keys;

no additional return key stroke is necessary;

although it would do no harm)

The editor will return to the line editing mode that

prompts:

To exit

type: exit < (to exit and to save the buffer content in a disk file)

or

type: quit < (to exit and to lose the buffer content)

I EDITING AN EXISTING FILE

If the 'filename.extension' in the EDIT/EDT command line

EDIT/EDT 'filename.extension' <

0
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matches one, or several, entries in the current directory the editor will access the one

of these files that has the highest version number. Access is accomplished when the

computer

prompts: 1 ----- 'text of first line in file'--------
,

This star is the line editor mode prompt.

type: c <

to get into screen editor mode.

SCREEN EDITING TOOLS

Most screen editing consists in moving the cursor to the desired position on the
screen and then entering characters there, by typing them, or deleting characters there.
For this the essential tools are the special keyboard keys:

arrows (left, right, up, down; move the cursor one field at the time by pressing the
key shortly; scroll the cursor in that direction by holding the key down)

delete (erases a character to the left of the current cursor position)

PF4 (erases a whole line following the current cursor position at once)

PF1 PF4 (undoes the last delete of the PF4 key)

The set of 18 keys in the lower right corner of the keyboard is called keypad. Its
keys, designated in this manual by a preceding P (e.g. P4 is keypad key 4), have
special functions in EDT (e.g. PF1 and PF4 described above). To view a description
of these functions press the PF2 key. For the extensive user of the VAX, it is desirable

d to memorize the use of the keypad. For the occasional user it shall suffice to mention

the block delete/move procedure: select desired block of text by marking invisibly oneI
end by hitting P. (that is the. key on the keypad) (undo erroneous use of that key by

pressing PF1 followed by P.); Use the arrow keys to move the cursor to the other end
of the intended block boundary; press P6; now the block is moved from the displayed

text buffer into a hidden text buffer. F-om there it can be copied to the current cursor
position as often as desired by pressing PF1 followed by P6. The block will remain in

* the hidden buffer until another block delete overwrites it, or until the editor is exited.

Standard editing shows a maximum of 80 characters per column. To view CPR-

I files it is appropriate to display 132-characters per line. To change to that format
type: PF1 P7 SET SCREEN 132 PEnter (PEnter is the enter-key on the keypad)
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Very, useful particularly when viewing a CPR-file, are the EDT-commands for fast

scroll to end or beginning of the file:

type: PF1 P4 (for fast scroll to the end of the file),

type: PF1 P5 (for fast scroll to the beginning of the file),

The key P8 is not quite that fast, but still faster than the arrow keys, in scrolling

forward or backward in the file. If preceded by P4, P8 will scroll 16 lines forward, if

preceded by P5, P8 will scroll 16 lines backward. The direction key P4 or P5 needs to

be pressed only once. P8 can be applied repeatedly thereafter.

These are the basic EDT screen editing commands that the user will need. Further

detail can be found on line (press PF2) or in the VAX/VMS reference manual on EDT.

I.B.S.2 TEDI Line Editor

The widely used line editor TEDI shall be introduced because of its convenient

pattern search and replace operation. Line editing consists in displaying and modifying

a particular line or several lines at the same time.

For the TEDI editor to access the file 'filename.extension',

type: TEDI 'filename.extension' <.

This

prompts: DUA 107: [DIRECTORY] filename.extension; 1 --- LINES

The star is, just like in the EDT editor, the line mode prompt.

TEDI commands consist of one or a few acronymic letters accompanied by one

to three line numbers separated by commas and, separated by semicolons, followed by

one or two character strings, depending on the particular command.

The TEDI editor can list and replace efficiently all occurrances of a given character

pattern. This is useful when checking and/or changing the dimensionality of the field

arrays in the source codes. To accomplish this

type: TP1.500;NYi; <

following the star prompt. This instructs the computer to type all lines between line

1 and line 500 in the currently accessed file that contain the pattern: NY=. Note that
TEDI distinguishes letters also by their capitalization. To search the whole file one

needs to replace 500 by a number equal to or larger than the total number of lines

in the file or, if unknown, to replace 1,500 by the wildcard symbol *. For example,
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'tp* ;NT'. The command accronyms can be small or large case letters. The last

semicolon may be and was omitted.

To replace all occurrences of NY=1 by NY=512, for example,

type: RPI.500;NY=i;NY-512; <

The type pattern (TP) command preceeding the replacement (RP) is somewhat

tedious but efficient if there is any doubt about possibly unwanted replacements like:

ISNY=1. Therefore, TP should be employed to make sure that the intended pattern

string is unique.

Portions of a file can be viewed by the type command:

T1,500 <

would scroll lines 1 through 500 across the screen. The command
T* <

0L0scrolls the whole file. An individual line (e.g. line 500) can be deleted by

DL500 <

Several lines are deleted by giving the range (e.g. line 1 through 500)

DL1,500 <

Caution! Deletes cannot be restored in TEDI except for the price of giving up all the

other editing that was done beforehand through an emergency exit from the editing

session (type: quit).

New lines can be added before (BL) or after (AL) any specified line number. For

example,

BLI <

" starts the insertion of lines before the current line number 1. Insertion mode is indicated

by the '>'-prompt. All following characters will be inserted sequentially as typed.

Another new line is inserted with every return '<'. Insertion mode is ended by typing

a '.' by itself on a new line.

* A detailed description of the TEDI editor is on file in the CCF consultants office

or can be purchased from the CCF operator desk.
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Section I.B.4: Directories / Delete / Purge

I.B.4.1 VAX

DIRECTORY

A listing of the directory of files on the VAX can be viewed in the following way:

Change, if necessary, the directory information that is contained in the omitted portion

of the complete file name to the desired directory DISK: [USER. SUBDIRECTORY]. To this

end

type: SET DEFAULT DISK: [USER.SUBDIRECTORY] <

prompts: $

- Then the listing of files in that subdirectory appears after you

type: DIRECTORY <

may be shortened to DIR <.

The DISK: specification may be omitted if unchanged. The . SUBDIRECTORY spec-
ification has to be omitted to see the main [USER] directory list of files. Multiple

level subdirectories can be listed in the same way by continuing the path of directories

starting with the main directory in the analog fashion:

SET DEFAULT DISK: [USER.SUBDIR.SUBSUBDIR.SUBSUBSUBDIR] <

The plain listing of all files can be more elaborate by means of file name portion,

filters, and options following the DIRECTORY command. For details A"

type: HELP DIRECTORY <

which can be terminated by one or several '<' returns.

DELETE

To delete an entry from the directory of files and thereby destroy that file

type: DELETE 'filename.extension;version' <

The specified file name is removed from the default directory (see I.B.1.1) only.

It is necessary to specify the version number otherwise no deletion will take place but

rather an error message will appear on the screen. The three pieces in the name of the
file: filename, extension, and version can be substituted with the wild card character

'*'in order to generalize the command to delete all files that match the specification

except for the name piece represented by the '*'. For example,
type: DELETE NRAM.DAT;*
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to delete all versions of the file NRAM.DAT (contrary to PURGE NRAM. DAT which leaves

the highest version). For example,

type: DELETE N*.DAT;*

to delete all files whose names begin with the letter N, by the file extension .DAT from

the directory. For more sophisticated usage of the DELETE command

type: HELP DELETE

which can be exited by one or several '<' returns.

PURGE

* To purge the default directory of files is to remove all file versions except for the

last (highest) one. To purge the current VAX default directory simply

type: PURGE <

The PURGE command can be made more specific. For details

type: HELP PURGE <

which can be exited by one or several '<' returns.

I.B..f CRAY

The simple functions of listing the file directory, purging it and deleting particular

entries are somewhat time consuming on the CRAY computer due to the batch job

setup. Therefore, a batch job has to be submitted to accomplish these tasks. How to

submit a batch job will be demonstrated in the next Section I.B.5: Running a Batch

Job.

DIRECTORY

The listing of the files in the user directory on the CRAY disk is obtained in the

CPR-output file of any CRAY job if the job command file contains the command line

with the command:

AtDIT..

This is usually the case with every batch job, hence, the need for at-will CRAY

directory information is small. Nevertheless, the job command file

DUA107:[HILFER.FORICAUDIT.JOB

can be copied to do only that when submitted as a batch job.
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DELETE

In order to delete a file in the CRAY directory a batch job command file needs to

be submitted that contains the appropriate DELETE command line. For example,

DELETE. PDN= filename '..

The user may wish read the details of DELETE command line in the CRAY operating

system (COS) manual. The quickest path for the new user is simply to copy the file
DUA107:[HILFER.FOR]CDELET.JOB into the current directory, to change the file

name contained in it as desired, and to submit it for execution. Notice that the '-'

character serves as the wild card character of COS representing any string of characters.

PURGE

In order to purge files in the CRAY directory, i.e. delete all versions but the

latest of each file, a batch job command file needs to be submitted to the CRAY that

accomplishes to delete in a selective way. For example,
DELETE,PDN=-,ED-I..

The user can find the details of the DELETE command in the COS-manual. A

simpler path is to copy the file DUA107:[HILFER.FOR]CPURGE.JOB into the user

directory, and to edit the contained file names such that all file names to be purged are

covered by the specified file name pieces in combination with wild cards. Recall that
on the CRAY the symbol '-' is the wild card for any string of characters.

Section I.B.5: Running a Batch Job

I.B.5.1 The Batch Job Command File

The execution of a computation on the CRAY computer as a batch job requires

several steps which are listed as command lines in the batch job's .JOB-file . Once

this file is transferred to the CRAY it will be queued in the batch job queue. When its

turn for execution comes around, the operating system will execute all command lines

sequentially, waiting for each command to finish before picking up the next one. Should

a terminal error occur, excution will be stopped. A the end of each job a log-file will
* be sent to the user's VAX directory.

There are a few rules concerning the form of the batch job command file: Beginning

in column 1, every line must start with a command verb that is known and accepted

by the operating system. Every line must end with a period ('.'). Several parameters
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may follow the command verb separated by commas. The first command line in the

file must be the JOB-statement:

JOBJN-'Job name'.

(CBATCH processing waives this requirement, see section V.B.4. The name that the

job shall have has to be inserted. The second command line must be the ACCOUNT-

*' statement:

ACCOUNT. AC='account number',US-'user

number',UPW='user password'.

(CBATCH processing waives this requirement, see section V.B.4 which has to be

6 completed by the three appropriate fill-ins: account number, user number, and user

password. The next command lines contain the desired CRAY action followed by the

command line:

EXIT.

Note that all JOB-files that are copied from the DUA107[HILFER.FOR] directory

lack the JOB and ACCOUNT command line which will have to be supplied by the user.

I.B.5.2 Submitting a Batch Job

It is recommended to preceed the submission of the first batch job, when the VAX

prompts: $

with the following VAX command,

type: CRAY SET TERMINAL INFORM <

This will inform the CRAY computer of the location of the user's terminal and,

hence, enable forwarding of the messages that accompany the execution of the job.

For the actual submission of the JOB-file

type: CRAY SUBMIT 'filename' .JOB <

where the JOB-file's filename has to be inserted. This will queue the job file for transfer

to the CRAY and subsequently queue it for execution. For example
type: CRAY SUBMIT CAUDIT.JOB <

prompts: $

% CX-S-SUBOK. Job: CAUDIT queued for submission

VAX TO CRAY: % SYSTEM-S-NOMRAL. normal successful completion

VAX TO CRAY: FILEwCAUDIT
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VAX TO CRAY: 4608 BYTES TRANSFERRED
$

which are the standard messages of verification for the queuing for submission and for

the transfer of the JOB-file for the CRAY computer.

LB.5.3 Batch Job Execution and Termination

The execution of the job is determined by the CRAY operating system. During

the execution of RAM2D1 and PRAM1 other files are transferred from the VAX to the

CRAY. Each transfer is accompanied by a message of the type

VAX TO CRAY: % SYSTEM-S-NOMRAL. normal successful completion

VAX TO CRAY: FILE=NRJ1

VAX TO CRAY: 4608 BYTES TRANSFERRED

Progress of execution can be monitored through on-demand status messages. For

this purpose

type: CRAY STATUS/OWN <

prompts:

cray system status EIORS PRIMARY 17-feb-1988 11:39:50.19
jsd dc dataset class status pri used limit length id tid12596 IN CAUDIT SMALL QUEUED 6.0 0 60 512 V2 HILFER

the explanation of each detail for which all would break the frame of this manual.

The important points, however, are the STATUS, the number of seconds USED, and the

number of seconds LIMIT for the job. Those three items are self-evident.

The termination of a job occurs usually automatically when the EXIT. command

line in the JOB-file is executed. Such normal (and other unusual) termination is indi-

cated by the transfer of the CPR-file from the CRAY to the VAX as notified of by a

0 message of the following type:

CRAY TO VAX: % RMS-S-NORMAL. normal successful completion

CRAY TO VAX: FILE=1DUA107: [HILFER.FOR]CAUDIT.CPR; 1

CRAY TO VAX: 1706 BYTES TRANSFERRED
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Another definite indication is when the response to the status request explained

just above is responded by only the first two headlines, showing no job sequence num-

ber. The successful transfer of the CPR-file does not indicate that the program ran

N: successfully. This can only be seen from the bottom portion of the CPR-file.

Unusual termination can be due to, e.g., programming errors, command line errors,

too small a time limit (job needs more CPU-time than the allocated amount; =60sec

by default), forced by the user and other reasons. When a submitted job needs to be

stopped, obtain at first the jsq-number from the CRAY STATUS/OWN report, then

type: CRAY KILL'jsq-number' <.

This will result in the termination of the job that is documented as such in the

subsequently issued CPR-file.

L.9.5.-4 VAX Job Interruption
An emergency stop of any VAX DCL-command can be forced by typing ^ Y (= Ctrl

Y). This causes the VAX computer to interrupt whatever it was engaged in and to return

to the S-prompt, ready for a new command.

..
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CHAPTER II

RUNNING RAM2D1 AND PRAM1

To perform the actual Raman amplifier simulation, one only needs to submit a
JOB-file that compiles the source code RAM2D1 and runs the resulting executable file.
Hence

type: CRAY SUBMIT CR--.JOB

where the '--'holds the place for the appropriate dimensionality characters (see PART

I.B).

To diagnose the results of a Raman amplifier simulation, one only needs to submit
a JOB-file that compiles the source code PRAM1 and runs the resulting executable

file. Hence
type: CRAY SUBMIT CP--.JOB

where the '--' holds the place for the appropriate dimensionality characters (see PART

I.B).

As a reminder, we repeat several points: 1) ensure that RAM2DI and PRAMI

have the desired dimensions in all its subroutines; 2) ensure that the input data file
NR-- .DAT, contains the desired input parameters; 3) ensure that the JOB-file transfers

the desired set of files.

If all appears well, submit the job as shown above. Monitor the job progress by

reading the messages on the screen and/or inquire the status as described in section
I.B.5. Job termination is indicated by the transfer of the CR--.CPR file from the
CRAY to the VAX. Use EDT's 132 column screen editing mode to check the CPR-file

for error-free execution of the whole job. In case of error messages, turn to PART V.C.
or call Godehard Hilfer at (202)-767-2028.
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In a series of simulations, it is unnecessary to recompile the source code for each

simulation over again. Instead one can copy, or create, the XR--.JOB file and
type: CRAY SUBMIT XR--.JOB

to submit the next simulation. The XR--.JOB file is a copy of the CR--.JOB that

lacks the compilation and loading command lines. Hence, it will only run the executable
dataset XR--. The corresponding CPR-file is XR--.CPR .
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CHAPTER III

VIEWING THE RESULTS

PART III.A TERMINAL OUTPUT
@

'" *' The data file that arrives in the VAX user directory at the end of PRAMI's execu-
*" tion, PLT2.DAT, is a device independent graphics data file generated by the DISSPLA
"-" library routines contained in PRAM1. In order to see the graphs on the terminal

screen, DISSPLA postprocessing software needs to be applied. For this purpose, unless
previously done during this login,
type: GRAPHICSLOGICALS

prompts: $
type: PUBLICLOGICALS

prompts: $

(to make use of site specific software and setups)

Then attach the data file to the post-processing software and run it$
type: RUN VT240$POP <

prompts: THIS IS THE VT240 POST-PROCESSOR ENTER YOUR POST-

PROCESSOR DIRECTIVES OR A CARRIAGE-RETURN FOR

DEFAULTS

To view all graphs one only needs to

type: <

a carriage return. This will produce the first graph on the screen. Another carriage
return will erase the first graph and draw the second graph. Any more carriage returns
will sequentially display the rest of the graphs until the last carriage return
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prompts: END OF DISSPOP 2.2 -- 2057 VECTORS IN 1 PLOTS RUN ON 2/17/88
USING SERIAL NUMBER 60 AT NRL PCC VAX PROPRIETARY

SOFTWARE PRODUCT OF ISSCO, SAN DIEGO. CA
. $

which automatically finishes the post-processing.

To be more selective in which graphs shall actually be displayed, one has to en-
ter those graph numbers explicitly when asked for the post-processor directives. For
example,

type: DRAW=5-9,12.17-20 <<

to display graphs numbered 5, 6, 7, 8, 9, 12, 17, 18, 19, 20. Notice that it takes two
carriage returns to continue the postprocessing. If a few in a large series of graphs shall

be excluded from viewing, one can, rather than listing all the others, 'delete' those

particular graphs from the display. Hence,

type: DELE=1-4,10.11.13-16,21-END <<

-0 to display the same graphs numbered 5, 6, 7, 8, 9, 12, 17, 18, 19, 20 as before. Note,

deletes supersede draws, and the sequence of listing is immaterial.

For more details, see the DISSPLA users manual part F. DISSPOP post-processing.

PART III.B HARDCOPIES

Section III.B.I: Printed Graphs

The data file that arrives in the VAX user directory at the end of PRAMI's

execution, PLT2.DAT, is a device independent graphics data file generated by the
DISSPLA library routines contained in PRAMI. In order to obtain the graphs on
paper, DISSPLA postprocessing software needs to be applied. For this purpose, unless

previously done during this login,

0 type: GRAPHICSLOGICALS
prompts: S

type: PUBLIC-LOGICALS

prompts: $

* (to make use of site specific software and setups)

Then attach the data file to the post-processing software and run it.
type: RUN LN01$POP <

prompts: THIS IS THE VT240 POST-PROCESSOR ENTER YOUR POST-

* PROCESSOR DIRECTIVES OR A CARRIAGE-RETURN FOR

DEFAULTS
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To process all graphs for printing one only needs to

type: <

a carriage return. This will produce a new data file called INTSCRT.TMP in the user's
directory which then can be printed straightforwardly. At the end of processing the

N. computer

prompts: END OF DISSPOP 2.2 -- 2057 VECTORS IN I PLOTS RUN ON 2/17/88
USING SERIAL NUMBER 60 AT NRL PCC VAX PROPRIETARY

SOFTWARE PRODUCT OF ISSCO. SAN DIEGO, CA
$

which automatically finishes the post-processing.

To be more selective in which graphs shall actually be post-processed, one has to
* . enter those graph numbers explicitly when asked for the post-processor directives. For

example,

type: DRAW5-912,17-20 <<

to graph frames numbered 5, 6, 7, 8, 9, 12, 17, 18, 19, 20. Notice that it takes two
carriage returns to continue the postprocessing. One can also delete particular graphs,
type: DELE=1-4.10,11,13-16,21-END <<

to process the same graphs, numbered 5, 6, 7, 8, 9, 12, 17, 18, 19, 20, as before. The
command DELEte supersedes DRAW and the sequence is immaterial. For more details,
see the DISSPLA users manual part F. DISSPOP post-processing.

The device specific file INTSCRT2.TMP (last version is default version number)

can be send directly to the CCF or A49 laser printer. Thence,
type: LASER/PLOT/CCF/NOTIFY INTSCRT2.TMP <

or
type: LASER/PLOT/A49/NOTIFY INTSCRT2.TMP <

The terminal will notify of the completion of printing with a beep and a message.

The print-out can then be picked up in building A49 either at the CCF-desk (output
from the CCF laser printer) or in the Remote-Print-Station room in building A49
(output from the A49 laser printer).

Section III.B.2: Printed ASCII-Files

The printing of regular text files is done with either one of the following two
commands,
type: LASER/PORT/CCF/NOTIFY <

for a print-out on the CCF laser printer in building A49 or
type: LASER/PORT/CCF/NOTIFY <
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for a print-out on the 'remote print station' laser printer in building A49. Both com-
mands will cause the terminal to notify of the completion of the printing job with a
beep and a message. For files with lines of more than 80 characters length, the printing
can be turned by 90 degrees from the high format to the wide format of the 8.5 x 1linch
pages. For this
type: LASER/LAND/CCF/NOTIFY <

or

type: LASER/LAND/A49/NOTIFY <

6
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CHAPTER IV

SUSTAINING OPERATIONS

PART IV.A FILE STORAGE

Section IV.A.1: VAX Disk

The most essential and only necessary storage device for the code operation is the
VAX disk storage space. Since it is the default storage location, no special steps need to
be taken to store files in the VAX computer on those disks. The essential files (source
codes, input data files, batch job command files, and graphics output data files) are
stored here. However, the space allocation for the user is limited and can be restrictive
when producing graphs. To obtain a quotation of the allocated and used disk storage

space,
type: SHOW QUOTA <

which will respond with a message that gives the total allocated storage space, the
portion used, the portion remaining, and the overflow margin. If the allocated space is
continuously insufficient, turn to the CCF system manager or consultant for an increase.
If the sh,,rtage of storage space is expected to be only occasional, then turn also to the
Lonsultant for access to the so-called scratch disk. This whole disk is available on a
first come, first serve basis. Files will be kept on it for at least 24 hours but at most 48

S hours. Hence all post-processing and printing of particularly large graphics data files
% %. can be done before the system software wipes out all scratch disk files routinely.

% The size of individual files can be obtained when listing the directory of files by
specifying /SIZE=USED in the DIRECTORY command. Hence,

_ type: DIR/SIZE=USED 'filename.ext' <
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Furthermore, the date the file was created can be inquired by specifying /DATE=CREATED
in the DIRECTORY command. For this
type: DIR/DATE=USED 'filename.ext' <

This way, a more selective clean up of the user directory is possible, hopefully, main-
taining sufficient space for all user activity.

VAX storage space is measured in units called BLOCKS,

1 Block 512 Bytes.

(Recall 1 Byte = 8 Bits)

The price for VAX disk storage is currently $0.00016 per Block per day.

Section IV.A.2: VAX Tape

For more economical storage and to keep the VAX disk quota sufficient it is rec-

ommended to store files on VAX tape. This is called archiving the file. For on-line

Sdocumentation regarding the archiving options

* type: HELP ARCHIVE <

The most important features will be listed here.

To archive a file means that that file is physically removed from the VAX disk to

the tape. Hence, to keep a copy on the disk an explicit copy must be made,

type: COPY 'file-to-archive.ext' 'remaining-file.ext' <

To archive the desired file
type: ARCHIVE 'file-to-archive.ext' <

This removes the file from the directory.

To list the files that had previously been archived
type: ARCHIVE/DIR<

Since the archiving is done overnight by the operating system, the newly archived

*file, although gone from the directory, does not yet show up as archived. It is queued
for archival. To list the files awaiting archival

type: ARCHIVE/LIST <

If an error occurred, the file can be retrieved from this queue of files bound for archival;

¢For this
type: ARCHIVE/CANCEL 'file-to-archive.ext' <

To remove a file from the archive

type: REMOVE 'archived-file.ext' <
* prompts:REMOVE DUA107: [USER. DIR] 'archived-file.ext;x' ?

type: yes <
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then the file disappears.

VAX storage space is measured in units called blocks,

1 block = 512 bytes.

(Recall 1 byte = 8 bits)

The price for VAX disk storage is currently $0.00001 per block per day.

Section IV.A.3: CRAY Disk

As was mentioned in the introduction, all files on the CRAY computer are volatile.

That is, they will not be stored by default, rather they will be destroyed by default.

Therefore, it is necessary to save explicitly all files that need to be saved. To this end,

after compilation of the source codes, the executable files are saved by the batch job
command file on CRAY disk. Unless otherwise specified the system's storage (save)

commands save the datsets on the CRAY disks. Examples for two procedures are:
SAVE. DN=XR--.

* (example for batch job command line for storage),

CALL SAVECIRRE. 'DN'LPDTFLID. 'PDN*L.PDN1D)

(example for FORTRAN statement for file storage, where 'DN'L,DTFL1D indicates that

the character variable DTFL1D is the dataset name when the program is running, and

'PDN 'LDTFL1D is the permanent dataset name by which the file will be listed on the

disk.

Storage space on the CRAY is not allocated individually, but always on a first

come, first serve basis. Operating system software ensures, by moving big, old files
automatically from disk to tape, that there is always storage space available. When
listing the directory file names by means of the AUDIT. command, the right hand
column indicates whether the listed file is on disk (on-line) or on tape (off-line).

The price for CRAY file storage is the same as that for VAX file storage. Hence,

CRAY disk storage is charged at $0.00016 per block per day.

(Recall 1 block = 512 bytes.

1 byte = 8 bits)

The standard measure for CRAY storage is 1 sector = 8 Blocks = 512 CRAY words of

64 bits each)

Section IV.A.4: CRAY Tape

As was mentioned in the introduction and in section IV.A.3 above, all files on
the CRAY computer are volatile. They will not be stored by default; they will

, be destroyed by default. Therefore, it is necessary to explicitly save all files that

164



need to be saved. To this end, the programs RAM2D1 (and PRAM1) contain CRAY

operating system calls that save the data files on CRAY tape (called off-line). To save
a file on CRAY tape, one has specify to that location on the SAVE command line. For

example:

CALL SAVE(IRRE, 'DN'L,DTFL1D. 'PDN'L.PDND, 'RESIDE'L,'OFFLINE'L)

This is a CRAY FORTRAN statement for file storage, where 'DN'L.DTFL1D indicates
41r that the character variable DTFL1D holds the dataset name when the program is running,

and 'PDN'L.DTFL1D contains the permanent dataset name by which the file will be
listed on the disk. Residency off-line is explicitly mentioned.

The storage space on the CRAY tape is not allocated individually, but always

sequentially used on first come first serve basis available. Operating system software

ensures, by moving big old files automatically from disk to tape, that there is always

storage space available. When listing the directory file names by means of the AUDIT.

command, the right hand column indicates residency of the file on CRAY disk as on-

line.
The price for CRAY file storage is the same as that for VAX file storage. Hence

CRAY disk storage is charged at $0.00016 per block per day.

(Recall 1 block = 512 bytes.

1 byte = 8 bits)

The standard measure for CRAY storage is 1 sector = 8 blocks)

PART IV.B OPERATOR RELIEF

Section IV.B.I: Login Command File

Many settings and definitions should be repeated every time a user logs into the

front-end VAX computers. To save the user the typing effort of these settings, it is

possible and recommendable to let the computer repeat this sequence of definitions

*and commands automatically. This can be done by means of the LOGIN.COM file.

VThis file, which has to be in the user's root (login default) directory, is a command

file that the computer executes automatically every time the user's logs into the VAX
computer. For details on the meaning and syntax of command lines in this file, see

* the VAX/VMS DCL-manual. The following list is an example for some of the login

commands and definitions which typically appear in a LOGIN.COM-file.

COMMANDS

$ SET TERMINAL/VT100

informs the operating system of the terminal's industry standard
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$ GRAPHICS.I.OGICALS

invokes site-specific system definitions

$ PUBLIC..LOGICALS

invokes site-specific system definitions

$ CRAY SET TERMINAL INFORM

advise operating system to output CRAY messages to terminal

$ SHOW TIME

show current time on terminal

$ SHOW QUOTA

show current VAX disk storage distribution of the owner.

DEFINITIONS

a) of acronyms of customized directory lists of file groups

$ DIRALL DIRECTORY/SIZE=USED/DATE-CREATED/TRAILING

$ DCPR DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING * .CPR

$ DDAT ==DIRECTORY/SIZE=USED/DATE-CREATED/TRAILING *.DAT
$ FR DRCOYSZ=SDDAECETDTALN .O

$DFOR DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING *.JOB

$ ETAB DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING *P.JOB

$ ETAG DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING *PL.DAT

$ DTMP DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING *.TMP

b) of acronyms of customized directory lists of files of a standard dimensionality

$ DEE DIRECTORY/SIZE-USED/DATE=CREATED/TRAILING *EE.* 4

$ DG1 DIRECTORY/SIZE=USED/DATE-CREATED/TRAILING *G1.*

$ DHI DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING *H . *

$ DlI DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING *Il.*

0 $ ~i DRECORY/IZEUSEDDATECRETED/RAIING Ji9

$ DK1 DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING *Ki.*

$ DiG DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING *iG.*

$ DiH DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING *iH.*

0$ 1 IETR/IEUE/AECETDTALN l.

$ D1i DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING *iI.*
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$ 0-CREATED/TRAILING * lJ, t

$ DIJ :== DIRECTORY/SIZE-USED/DATE-CREATED/TRAILING *lJ.*

$ DIK DIRECTORY/SIZE-USED/DATE-CREATED/TRAILING *lK.*

$ DIL :== DIRECTORY/SIZE-USED/DATE-CREATED/TRAILING *1L.*
$ DIN DIRECTORY/SIZE-USED/DATEfCREATED/TRAILING *IN.*
$ DI0 DIRECTORY/SIZE-USED/DATE-CREATED/TRAILING *1M.*

$ DIP: DIECTORY/SIZE=USED/DATEfCREATED/TRAILING "10.*

$ DI DIRECTORY/SIZE=USED/DATE=CREATED/TRAILING *iN.*

$ DGI :--= DIRECTORY/SIZE-USED/DATE-CREATED/TRAILING *GI.*

4, c) of acronyms of other customized commands that have been explained elsewhere in

this manual

$ H :== SET DEFAULT DUAl07: [HILFER]

$ HFOR SET DEFAULT DUAl07: [HILFER.FOR]

$ PLOTMPL LASER/PLOT/CCF/NOTIFY INTSCRT2.TMP

$ PLOTMPS LASER/PLOT/A49/NOTIFY INTSCRT2.TMP

$ POP240 RUN VT240$POP

;$ POPL :== RUN LNOI$POP

Section IV.B.2: Edit-Aid

Certain customized features of the EDT editor can be made standard if the

LOGIN.COM-file (see section IV.B.1) contais the following definition.
e'4

S E :== EDIT/EDT/COMMAND=DUAi07: [USER]EDTINI.EDT

This shortens the command line that starts the EDT editor to the letter e plus the file-
name and at the same time implements the definitions contained in the file [USER] :EDTINI.EDT

* for which an example follows:

DEFINE KEY GOLD N AS ''EXT SET SCREEN 80.''

(defines the two key strokes PF1 N to change the terminal display to 80 column

width)
0

DEFINE KEY GOLD W AS ''EXT SET SCREEN 132."

(defines the two key strokes PF1 W to change the terminal display to 132
column width)

* SET SCREEN 72

(sets the display width to 72 columns)
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%. SET WRAP 729-,

(sets the editor's feature of swapping terminal entries beyond column 72 into

the next line)

SET MODE CHANGE

(causes the EDT editor to change to screen editing mode automatically at the

onset of the editing session)

Section IV.B.3: VAX/CRAY Status
It is useful to define mnemonic acronyms for the monitoring functions of the VAX

and CRAY computer systems. Some frequently used definitions from the LOGIN.COM-

file of the author are:

CRAY:

$ CSO : 'CRAY STATUS/OWN

(see subsection I.B.5.3 for details)

VAX:

$ CNRL == ''MON CLU/INTf1"

(to monitor the work load distribution between the four front-end VAXes)

$ MSYS == ''MONITOR SYSTEM"

* (to monitor the CPU (computing), memory, and I/O (data input/ouput) load of

the VAX in use)

$ MTOP == ''MONITOR PROCESSES /TOPCPU"

(to monitor the list of VAX-proesses with the highest CPU demand)

9 $ SQ =- 'SHOW QUEUE/DEVICE"

(to list the queue entries on all devices)

Section IV.B.4: CRAY Grease

There are ways of making the interaction with the CRAY computer more conve-

nient and speedy. For example, the submission of batch jobs can be simplified by using

,, the command CBATCH in combination of several mnemonic acronyms. CBATCH is a CCF

command that allows one to eliminate the obligatory JOB and ACCOUNT command line
from all job files by automatically attaching a file that contains those two command

si" lines in an encrypted form. The file is named $CRAY$.ACCOUNT and resides in the
user's root directory. It is automatically generated the first time CBATCH is used. For

details on this command
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type: HELP CBATCH <

Every batch job that is submitted to the CRAY computer is placed into a class of jobs
that are similar in memory size and priority requirements. There are four classes with

regard

to job-size: small = up to 511000 CRAY words
medium = up to 1023000 CRAY words

4; large = up to 1535000 CRAY words

x-large = up to 3071000 CRAY words

and three subclasses of the four with regards to the requested

priority level: express charged 1.5,
4F normal charged 1.0,

defered charged 0.7

times the price of $900.00 per hour of CPU usage.

To submit a job quickly and conveniently while at the same time specifying
these details, the following definitions may be found helpful when present in the

LOGIN.COM-file:

$ CBDS : CBATCH/JUS=DEFER/MFL=511000/AC= ----

' $ CBDM : CBATCH/JUS=DEFER/MFL=1023000/AC= ----

$ CBDL : CBATCH/JUS=DEFER/MFL=1535000/AC= ---

$ CBDXL :== CBATCH/JUS=DEFER/MFL3071000/AC ---
$ CBNS : CBATCH/JUS=NORMAL/MFL511000/AC= ----

$ CBNM : CBATCH/JUS=NORMAL/MFL=1023000/AC=---
$ CBNM: CBATCH/JUSNORMAL/MFL=1236000/AC ---

$ CBNL : CBATCH/JUS=NORMAL/MFL=535000/AC=---

$ CBNXL :== CBATCH/JUS=NORMAL/MFL=3071000/AC=---

$ CBXS : CBATCH/JUSEXPRESS/MFL=511000/AC---

$ CBXL :z BATCH/JUS=EXPRESS/MFL=123000/AC=---

$ CBXL :== CBATCH/JUS=EXPRESS/MFL=1535000/AC=--
$ CBXXL :H CBATCH/JUS=EXPRESS/MFL=3071000/AC=--

which have to be completed with the appropriate charge account number following the

AC= parameter. With these acronyms, the submission of a batch job becomes quite

simple. Since the CBATCH command expects a .JOB-file, the file extension (which is

.JOB) can even be omitted. So, for example, to submit a small batch job that deletes
a file from CRAY storage, one need only
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type: CBDS CDELET <

or to run a particular full scale Raman interaction simulation

type: CBDXL CRGI <

These batch jobs are assumed to take less than 60 seconds of CPU time for com-

pletion. Should more CPU time be required, provide the /T=400 parameter to allow

maximally 400 seconds of CPU time for execution. For example

CBDXL/T=400 CRGI

Note: be generous with the time limit to aviod having to rerun (and pay again) the

whole job for lack of time allocation.

If the maximal memory requirement is known from the CPR-file of a previous run

with the same dimensions, the right job class can be chosen. To choose the right class,

one should consider also the system's limit of how many jobs of a certain class can run

simultaneously. These are:

service class resource class max. jobs priority i.

express small 12 9

express medium 6 9

express large 2 9

express xlarge 2 9

normal small 10 6

normal medium 4 6

normal large 2 6

normal xlarge 2 6

normal, long time small 10 6

normal, long time medium 4 6
normal, long time large 2 6
normal, long time large 2 6

defered small 5 3

defered medium 2 3

defered large 2 3
N defered xlarge 2 3

0 The meaning of the normal, long time class is subtle and should not concern

the user, except that the job will be counted in the long time class if more than 300

seconds CPU time are requested. To find out how full the desired class currently is

type: CRAY <

S following the standard VAX/VMS DCL prompt: $. Then the screen
W "prompts: CRAY>
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type: STATCLASS <

which will be responded with a table of the current job class demand. To scroll down
type: + <

To scroll up
type: - <

£ To exit the display
type: EXIT <

prompts: $

Section IV.B.5: Money Savers

Some methods follow that will reduce the cost of computing. Generally, The most
important money saver is the algorithm itself. To use the most efficient numerical

.J. scheme for obtaining the results of any computation is the key to low cost. Other
y methods usually provide only a fraction of the possible savings. Some of those methods

40- are mentioned here.

pi The program RAM2D1 comes in two versions: RAM2D1C and RAM2D1D. They
differ only in their memory requirements. In two-dimensional operation the three
megaword random access memory (RAM) capacity of the CRAY X-MP machine often
is exceeded. For simulations of this size one needs to use RAM2D1D. That version keeps
only two work arrays in memory and stores intermediate results of the computation
on CRAY disk memory at the expense of voluminous data input and output. The
associated high I/O charges can be saved by using RAM2D1C whenever possible.

One can save 30 percent of the CPU-charges by running the job with prior-
ity=deferred rather than priority=normal (see section IV.B.4 for details). This change
did not appear to alter the job turnaround time ,,oticeably. Running a small job
with priority=express is more expensive but also not very noticeable in terms of job

turnaround time, since only the CPU processing is prioritized, not the file transfer.

Savings result also from the use of tape storage rather than disk, for long term
file storage. These savings can be significant if the file is stored for a long length of
time. The biggest savings are obtained if the file under consideration for storage can
be discarded altogether rather than stored. This decision requires extreme prudence.

* Here, one can easily save pennies but waste dollars when having to regenerate the
discarded dataset.

PART IV.C TROUBLE SHOOTING

* For all sorts of invincible obstacles, the user will find ample support from the CCF
consultants. They can be reached by phone: (202) 767-3542 or (202) 767-1374. One can
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also send them a message over the VAX MAIL facility (type: HELP MAIL for details;
when prompted for the recipient type: CONSULTANT). For all problems, especially

regarding the codes RAM2D1 and PRAM1, the user may wish to call Dr. Godehard

Hilfer at (202)-767-2028.

Problems that arise during the execution of the programs on the CRAY computer
will be documented at the end of the CPR-file before the accounting section. For details

on the error message, one may wish to read the description for the given error number

in the CRAY operating system (COS) message manual.

Problems that arrise from the use of the VAX are usually indicated by on-the-
screen error messages that will indicate the nature of the problem.

If RAM2D1 compiles and runs without any apparent error, then one has no indica-
tion that the datafile is incorrect. If then PRAM1 also compiles and runs fine without

any apparent error but fails to produce a graph, or produces some graphs as expected
but others not at all or only in part, then one should first check the input data to
PRAM1, especially the elements of the array CSEC. Another suspicion should be that
the wrong dataset on the CRAY disk was used. Hence, one should check the existence
of the desired datafile, the dimensions, date, and edition number of the file as specified
in the input data file, the input namelist, and the program. If all looks well, one can

rerun PRAMI, but requesting only one of those graphs that did not come out right

previously to narrow the possible sources of error.

If PRAMI ran without producing a PLT2. DAT file the CPR-file might report: SYOi

- RLS COULD NOT FIND A DNT FOR META, which indicates that the META-file (=DIS-
SPLA terminology for the device independent graphics file PLT2.DAT) was xiuu created

or was created, remained empty, and was as such discarded, and hence unavailable for
transfer. It may also turn out that the file was held back on the CRAY since there

.4- was no room in the VAX directory. Confirm the latter by typing the command SHOW
QUOTA and delete old files if necessary.

If the execution of the program seems to take an unexpected amount of time, it is

likely to be due to the general overload of the computer system or the network rather
than due to a problem with the codes. To inquire the computer system performance

use the commands presented in section IV.B.3. In addition to those commands, one

. can check if the submitted process is being worked on which is reflected in an in-
crease in CPU time used. The VAX CPU time can be monitored at any time by typing

- T (=Ctrl T). Caution must be exercised that the T-key is hit and not, by accident, the
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Y-key, which would terminate the execution. Anagologously, the CRAY CPU time is

listed when monitoring the status of one's own CRAY job by typing CRAY STATUS/OWN

(CSO). Both, ^ T on the VAX and CSO on the CRAY indicate what the computer is

currently doing.

PART IV.D CRAY RUN SPECIFICATIONS

The following contains the vital statistics of RAM2D1C examples. The columns

are numbered and contain the following information: (recall 1 CRAY word = 8 bytes

=64 bits)

1. encrypted dimensions

2. time dimension (NT)

3. transverse space dimension (NY)

4. maximum job size when executing (mega-words)

5. time executing in CPU for first z-step, 2 data drops (seconds)I

6. time executing in CPU for 2000 z-steps, 2 data drops in 1-D, 21 data drops in 2-D

(seconds)

7. CPU time required for compilation (seconds)

8. maximum job size when compiling (mega-words)

9. size of typical output data file with 2 data drops in 1-D, and 1 data set in 2-D

(me ga-words)

RAM2D1C

*. 1. 2. 3. 4. 5. 6. 7. 8. 9.

IG 512 128 1.40 .730 799.75 2.23 1.46 .79

H RH 256 256 1.40 .712 852.00 2.21 1.46 .79

9 HG 256 128 .74 .333 405.77 2.14 .81 .39

_" GG 128 128 .41 .158 201.67 2.01 .48 .20

K1 2048 1 .12 .017 12.08 2.06 .20 .037

1 1024 1 .10 .009 6.11 2.07 .17 .024
I

II 512 1 .10 .006 3.11 2.06 .16 .018

HI 256 1 .10 .004 1.63 2.06 .15 .015

1K 1 2048 .14 .062 28.63 2.11 .22 .061

-J 1 1024 .11 .030 14.93 2.17 .18 .037

iI 1 512 .10 .017 7.39 2.18 .16 .024

1H 1 256 .10 .010 3.60 2.15 .15 .016
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The following contains the vital statistics of PRAM1CD examples. The columns
are numbered and contain the following information:
(recall 1 CRAY word = 8 bytes = 64 bits

1 VAX block = 512 bytes

1. encrypted dimensions

2. time dimension (NT)

3. transverse space dimension (NY)

4. maximum job size when executing (mega-words)

5. time executing in CPU for one graph (seconds)

6. time executing in CPU for 10 graphs (seconds)

7. CPU time required foi compilation (seconds)

8. maximum job size when compiling (mega-words)

9. size of typical PLT2.DAT file with 1 graph (blocks)

10. size of typical PLT2.DAT file with 10 graphs (blocks)

PRAMICD

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.

IG 512 128 .60 1.917 11.33 5.917 .675 46 402

HH 256 256 .60 1.279 8.88 5.596 .672 32 288

N HG 256 128 .40 .827 6.80 5.63 .46 37 288
GG 128 128 .29 .523 3.78 5.504 .36 26 206

K1 2048 1 .25 .355 3.08 9.20 .34 27 240
1 31 1024 1 .22 .253 2.23 9.23 .30 20 177

Ii 512 1 .20 .116 1.74 9.24 .28 16 147

H 256 1 .19 .162 1.43 9.19 .27 13 130
1K 1 2048 .26 .345 2.70 8.699 .34 27 219

1J 1 1024 .22 .257 2.17 9.223 .30 19 164
1" ! 512 .20 .197 1. 65 9.20 .28 15 133

IH 1 256 .19 .165 1.56 8.81 .27 13 120
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APPENDICES

Appendix A

The appendices A-C present five examples of what the typical input to and output

from RAM2D1 and PRAM1 looks like. The input data files, N---.DAT, must not

contain any character in the first column of any line! (This is not visible in the examples

shown.) All characters start in column 2 and/or the following columns. The input data

are grouped in so called namelists (variables between two consecutive $-signs. The

character strings following the first S-sign is the name of the namelist. The complete

* list of variables of each namelist is evident from the code listings. The possible values

for these variables and the implications of these values are explained there in the

commentary preceeding the routine (or subroutine) where the variable is used. For

brevity's sake, four pages of the PLT2.DAT graphics output file are reproduced on a

Ssingle page here. Even this reduction of volume was insufficient in Example B2. Hence,

example B2 shows only a choice of the plots that result from the given input data.

APPENDIX A 1-D Transient Limit; Examples

Two examples are appended to show code operation in the transient limit. The

illustration features the batch job command files, the input data files, the ouput CPR-

files and the resulting output. The first example is a run that illustrates the basic use of

the codes without complications or finess. The second example illustrates how several

one-dimensional simulations can be done while running the programs only once.
-N:

EXAMPLE Al

,0

(I ,
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XRJI.JOB

AUDIT.
ACCESS, DN=XRJ1.
FETCH, DN=NRAM,TEXT='NRJ1.DAT'.
XRJ1.
DISPOSE, DN=ERRM,DF=BB,WAIT,TEXT'IXRJ1.MSG.'.
AUDIT.
EXIT.
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* XPJ1.JOB

*1 AUDIT.
ACCESS, DN=XPJ1.

ACES DN=DISLIB, ID=DISSPLA,OWN=LIBRARY.
* ACCESS, DN=INTLIB, ID=DISSPLA, OWN=LIBRARY.

ACCESS, DN=DVSD, ID=DISSPLA,OWN=LIBRARY.
FETCH, DN=NPRAM1,TEXT='NPJ1.DAT'.
XPJ1.
DISPOSE, DN=META, DF=BB,WAIT,TEXT= 'PLT2 .DAT'.
DISPOSE, DN=EPRM,DF=BB,WAIT,TEXT='XPJ1.MSG.'.
DISPOSE, DN=DISOUT,DF=BB,WAIT,TEXT='XPJ1.DSP.'.
AUDIT.
EXIT.
DISPOSE, DN=EPRM,DF=BB,WAIT,TEXT='XPJ1.MSG.'.
DISPOSE, DN=META, DF=BB,WAIT,TEXT='PLT2 .DAT'.
DISPOSE, DN=DISOUT, DF=BB, WAIT,TEXT='XPJ1. DSP.'.
DUMPJOB.
DEBUG, BLOCKS=GRAPHS.

AUDIT.
ACCESS, DN=XPJ1.
ACCESS, DN=DISLIB, ID=DISSPLA,OWN=LIBRARY.
ACCESS, DN=INTLIB, ID=DISSPLA,OWN=LIBRARY.
ACCESS, DN=DVSD, ID=DISSPLA,OWN=LIBRARY.
FETCH, DNNRAM1,TEXT= 'NPJl.DAT'.
XPJ1.
DISPOSE, DN=META, DF=BB,WAIT,TEXT=' PLT2 .DAT'.
DISPOSE, DN=EPRM,DF=BB,WAIT,TEXT='XPJ1.MSG.'.
DISPOSE, DN=DISOUT,DF=BB,WAIT,TEXT=XPJ..DSP.'.
AUDIT.
EXIT.
DISPOSE, DN=EPRM,DF=BB,WAIT,TEXT='XPJ1.MSG.'.
DISPOSE, DN=META, DF=BB,WAIT,TEXT=' PLT2 .DAT'.
DISPOSE, DN=DISOUT,DF=BB,WAIT&,TEXT='XPJ1.DSP.'.
DUMPJOB.
DEBUG, BLOCKS=GRAPHS.
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NRJI.DAT

$NAIL
RINT(1)-1 .6.
RIST-1 .eE-8.
ICOND-3,
ZFINAL-106.0.
ZKEEP-56 .6,

$NAMELIST/NAML/NPUMP.Y.TM.ZINT.RKPRKSYOFFTOFFVYWIDTH.TWIDTH.
1 YOSTTOST.YWST.TwST.RINT.RIST .RAMASM.RALASM.NHYP.PHL.PHST.Toc.
2 ITYPE.RTYPERABAMPRDSLIICOND.ZSTEPZFINALZKEEPNAXTTWOGAIN

NPJI.DAT

$FLOATE
DONYET-1.
MONTH-04.
DAY-18o
YEAR-88,

.4' 4IPART-1.

NEDN-1.
<4- $

$CONDAT
LPRMT 1-1.

- LPRMT 3) -1,
4LPRUT 4)-1.

NSEC-1,
CSEC 11-1626
CSEC 2. .6..)
CSEC 3,1 1.0.2.6)
CSEC 7.1 1.6,2.6)
CSEC 8.1 1.6.2.0
CSEC1 91 1.6..2.01
CSEC 131l 1...)
CSEC 14.1 -1.6.2.0b

CSEC 15.1 )(1.6.2.60

SZP LOT
KZ (1)-I.

* KZ 2)-2.
$KZ(3)-3.

$RMPLT
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XBJ1.CPR

)9 ' 2 :8 0512 0 0000 CSP ................ ...............................
09'020e 0515 0 0000 CSP
09-02:06 0518 0 0000 CSP WELCOME TO THE NRL CRAY XMP
09:02:06.0521 0 0000 CSP
09.02:08 C523 0 0001 CSP
09:02.06 :526 0 0001 CSP The CRAY will be unavailable Sunday April 24 from 8:00 A M to 4 00 P H
09.02:08 0529 0 0001 CSP " for software testing
09:02:08 0531 0 0001 CS.
09:02:06 0534 0 0001 CSP * There will be no CRAY 0ff-lne data set recalls on Tuesday or Wednesday

09:02:06.0537 0.0001 CSP mornings between 2.00 AM and 7:00 AM In order for us to perform CLEANUP
09-02.08 0539 0 0001 CSP runs on our CRAY archive tape library
09 02:08 0542 0 0002 CSP
09.02 D0 0584 0 0002 CSP CRAY X-MP SERIAL-415 65 NAVAL RESEARCH LABORATORY 04 21 88
09:02"08 0588 0 0002 CSP
09 02:08 0570 0D 0002 CSP CRAY OPERATING SYSTEM COS 1 15 ASSEMBLY DATE 01 04 88
09:02:06 0573 0 0002 CSP
09:02:08 0575 0 0002 CS?
09:02.08 3385 0 0002 CSP JOB.JN-XRJ1.MFL-511000.US-DEFER
09 02.08 5042 0 0012 CS? ACCOUNT.AC-.US-.UPW-.APW.
09"02,07 S422 0 1098 USER AC213 ' TOTAL BUDGET WARNING LEVEL REACHED FOR THIS ACCOUNT NUMBER
09:02:07 8380 0 1126 USER AUDIT
09:02:22 8940 0 3453 USER AU003 - 213 DATASETS. 228201 BLOCKS. 115748098 WORDS
09:02:22.8944 0.3454 USER AU003 - 83 DATASETS. 46310 BLOCKS. 23894983 WORDS ONLINE
09:02:22.8949 0 3455 USER AUOO3 - 150 DATASETS. 179891 BLOCKS. 92051135 WORDS OFFLINE

* 09:02:22 '022 0 3457 CSP ACCESS. DN-XRJl.
* 0902:22 9835 0 3457 PDM PDOOO - PDN - XRJ1 ID - ED - S OWN HILFER

0 09 02-22 9637 0 3457 PDM P0O00 - ACCESS COMPLETE
'09. 02:22.9852 0.3458 CSP FETCH. DN-NRAM.TEXT-'NRJ1.DAT'.

09:02 28 3559 0 3459 SC? VAX TO CRAY: %SYSTEM-S-NORMAL. normal successful completion
0)9.02.28 3582 0 3459 SCP VAX TO CRAY: FILE-S15DUA107:[MILER.FR2]NRJ1.DAT;21
0902 28 3584 0 3459 SCP VAX TO CRAY: 416 BYTES TRANSFERRED
09'02:30 9535 0 1459 SCP SS004 - DATASET RECEIVED FROM FRONT END

* 09'023 1 2485 3 3481 CSP XRJ1
09.02;48 8580 13 0298 ?DM PDOOO - PDN - FK1042188 ID - ED - I OWN - HILTIM
09"02:48 8582 13 0298 POM PDOOO - SAVE COMPLETE
09 02.4:88883 13 0298 USER UTO03 - EXIT CALLED BY RAh2D1C
09.02.46 8718 13 0299 CS? DISPOSE. DN-ERRM.DF-BB.WAITTEXT-'XRJI MSG.'.
0902:53 8929 13 0301 SCP CRAY TO VAX: %RMS-S-NORMAL. normal successful completton

-' 09:02:53 8932 13 0301 SCP CRAY TO VAX: FILE-SISDUA107:(HILFER.FR2}XRJ1.MSG:1
09:02:53.8935 13.0301 SC? CRAY TO VAX: 20 BYTES TRANSFERRED
09:02:57 5904 13 0305 USER AUDIT.

3. 09:03:08 8528 13 2640 USER AU003 - 214 DATASETS. 228297 BLOCKS. 115"95201 WORDS
09 03 08 8532 13 2841 USER AU003 - 84 DATASETS. 46406 BLOCKS. 23744068 WORDS ONLINE
0 90308 0538 13 2842 USER AU003 - 150 DATASETS. 179891 BLOCKS. 92051135 WORDS OFFLINE
09:03 08 8599 13 2642 CSP EXIT
09:03:08.6617 13 2643 CS? END OF JOB
09:03:08 8819 13 2643 CS?
09 03 08 6622 13 2643 CS?
0903.08 8352 13 2844 USER JOB NAME - XRJI
09*0308 8355 13 2844 USER usR NUMBER - HILFER
09:03:08 8359 13 2844 USER JOB SEQUENCE NUMBER - 40324

W 09:03:08 8362 13.2844 USER
" 0903:08 8387 13 2645 USER TIME EXECUTING IN CPU 0000:00:13.2844
* 09;03.08.8370 13.2845 USER TIME WAITING TO EXECUTE - 0000:00:26.4189

09 03 08 8373 13 2845 USER TIME WAITING FOR I 0 - 0000:00:22 0885
* 090308 8378 13 2645 USER TIME WAITING IN INPUT QUEUE - 0000:00:00 2287

09'03:08 8379 13 2645 USER MEMORY I CPU TIME (MWDS'SEC) - 1 82992
3 09.03:08.8383 13.2645 USER MEMORY I 0 WAIT TIME IMWDS'SEC) - 2.17570

0D9 03:08 8388 13 2846 USER MINIMUM JOB SIZE WORDS) - 44544
09.03:08.8389 13.2648 USER MAXIMUM JOB SIZE (WORDS) - 124418

%

-

.3 1.79
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0

XRJI.CPR

09-03:08 8392 13 2646 USER MNIMUM FL WORDSj 40960

0903.08 8395 13 2640 USER MAXIMUM EL ,WORDS: 119808

09:03:08 8398 13 2646 USER MINIMUM JTA (WORDS) - 3584

09,03:08 8401 13 2646 USER MAXIMUM JTA WORDS) - 4608

09 03 08 8405 13 2646 USER DISK SECTORS MOVED - 2302

09"03"08 8408 13 2646 USER FSS SECTORS MOVED - 0

09 03:08 8411 13.2646 USER USER 1 0 REQUESTS - 1397

0903 08 8414 13 2646 USER USER 1 0 SUSPENSIONS - 1544

09.03:08 8417 13 2646 USER OPEN CALLS 27

09 03:08 8421 13 2647 USER CLOSE CALLS - 28

09:03!08.8424 13.2647 USER MEMORY RESIDENT DATASETS - 0

09"03-08 8427 13 2647 USER TEMPORARY DATASET SECTORS USED - 1

09:03:08.8430 13.2647 USER PERMANENT DATASET SECTORS ACCESSED - 1600

09:03:08 8434 13 2847 USER PERMANENT DATASET SECTORS SAVED - 96

* 09:03.08 8437 13.2647 USER SECTORS RECEIVED FROM FRONT END - 1

09:03:08 8440 13.2641 USER SECTORS QUEUED TO FRONT END - 1

09!03:09 1518 13.2'24 USER

09'03!09 1520 13.2724 USER

09:03:09 1524 13.2725 USER '" COST TABLE FOR THIS JOB '

09:03:09 1527 13 2725 USER JO-AME XRJ1

09:03.09 1531 13 2726 USER USER IDENT. HILPER

09,03:09 1534 13 2727 USER BEGAN EXECUTION ---- THU APR 21. 1988 09:02.05 fOUiS

09:03"g 18'8 13 2"28 Ul-ER AT A PRIORITY OF - 3

09:03:09 1582 13 2729 USER AND JOB CLASS OF DSMALL

09:03:09 1585 13.2730 USER 13.271129 SECONDS OF CPU TIME 6 S 630.00 HR -- $ 2 32

09:03:09.1589 13 2732 USER 1 630306 MEMORY*CPU (HWRD-SEC) a S 84.00 HR - 0.04

09:03.09 1593 13 2733 USER 2 17*428 MEMORY'I 0 (MWRD-SEC) 0 3 84.00 MR -- $ 0 05

09:03:39 1597 13 2734 JSER 0 002303 1 0 MEGASECTORS MOVED & S 84.00 EA -- S 0 19

0903.09 1600 13 2135 USER 0.000000 TAPE MOUNT(S) a 1 5,00 EA - 0 00

09'03:09 1604 13 2736 USER

09 03:09.1606 13.2736 USER .... TOTAL COST FOR THIS JOB .... -- $ 2.60

09:03:09.1609 13 2736 USER ...... .................................. ..... ......... ..

-
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XPJI.CPR

09 03 27 5941 '0 0000 CS? .. . . . . .I. . . . . . . . .. . . . . . . . .

09:.03.27 5944 0 0000 CSP

0903:2* 5947 0 3000 CSP ' WELCOME TO THE NRL CRAY XMP

09-03:27 5950 0 0001 CSP
09:03:27 5953 0 0001 CSP

09:03:27 5955 0.0001 CSP " The CRAY wIll be unavalable Sunday April 24 from 8:00 A.M. to 4:00 P1M.

09:03:27 5958 0 0001 CS? • for software testing.

09:03:2" 5981 0 0001 CSP

09 03,27 5983 0 0001 CSP There will be no CRAY off-line data set recalls on Talsday or Wednesday

0903:27 5988 0 0001 CSP * mornings between 2:00 AM and 7:00 AM In order for us to perform CLEANUP

09.03:27 5989 0,0001 CSP runs on our CRAY archlve taps library.

09:03:2' 5972 0.0002 CSP ..........?I '.................................... ....... ........

09:03;27.5993 00002 CSP CRAY X-MP SERIAL-415,85 NAVAL RESEARCH LABORATORY 04 21 88

09:03,27 5998 0 0002 CS?
09:0327 5999 0 0002 CSP CRAY OPERATING SYSTEM COS 1 15 ASSEMBLY DATE 01 04 88
09'03"27 8002 0 0002 CSP
09:03:278004 0.0002 CS?
09:03:27 8122 0 0002 CSP JOB.JNXPJI.ML-L51lO.USDEFER.
09:03:27 8478 0.0014 CS? ACCOUNTAC- .US-.UW-.APW-.
09:03:28 7831 0.1099 USER AC213 - - TOTAL BUDGET WARNING LEVEL REACHED FOR THIS ACCOUNT NUMBER

09:03:29.0537 0 1131 USER AUDIT.

09:03:40 1193 0 3484 USER AU003 - 214 DATASETS. 226297 BLOCKS. 115795201 WORDS
09:03:40 1197 0 3465 USER AU003 - 64 DATASETS. 48406 BLOCKS. 23744088 WORDS ONLINE

09:03:40 1801 0.3486 USER AUO03 - 150 DATASETS, 179891 BLOCKS, 92051135 WORDS OFFLINE

* 09:03:40 1:7S 0.3468 CSP ACCESS. DN-XPJ1.

09;03:40 4832 0.3488 PDM FDO0- DM - XPJI ID - ED - 39 OWN - KILTER

09:03:40 4834 0 3468 PDM PDOOO - ACCESS COMPLETE

09:03,40 4852 0 34,2 CSP ACCESS. DN-DISLIBID.DISSPLA.OWN-LIBRARY

09:03.40 7388 0 3472 PPM PDOOO - PDN - DISLIB ID - DISSLA ED - 1 OWN - LIBRARY
09:03:40 7390 0 3472 PVM PDOOO - ACCESS COMPLETE
09:03:40 1408 0.34718 CS ACCESS. DN-INTLIB.ID-DISSPLA.OWN-LIBRARY.
09-03:40 9784 0 3478 PDM ?DOOO - PDN - INTLIB ID - DISSPLA ED - 1 OWN - LIBRARY
09:03:40 987 0 3478 PDM PDOOO - ACCESS COMPLETE
09"03-40 9805 0 3419 CSP ACCESS. DN-DVSD.ID-DISSPLA.OWN-LIBRARY.

09:03:41 2152 0 3480 PDM FO000 - YDN - DVSD ID - DISSPLA ED - I OWN - LIBRARY
09:03:41 2154 0 3480 PDM PDOOO - ACCESS COMPLETE
09:03:41 2170 0,3480 CS? FETCH, DN-NPRAMI.TEXT-NJI.DAT'.
09:03:43 0104 0 3482 SCP VAX TO CRAY: %SYSTEM-S-NORMAL. normal successful completion
09.03:43 010' 0 3482 SCP VAX TO CRAY: FILE-IISDUA107:[HILFER.Tr2]NPJi.DAT;39
09:03:43 0111 0 3482 SCP VAX TO CRAY: 188 BYTES TRANSFERRED
09:03:47 1131 0.3482 SC? SS004 - DATASIT RECEIVED FROM FRONT END
09:03:47.3985 0.3483 CSP XPJI.
09:03:47 9514 0 3518 PDM PD000 - PDN - FKI042188 ID - ED - 1 OWN - HILFER

4 09:03:47 9518 0 3518 PD PDOOO - ACCESS COMPLETE
09 04 02 1912 13 5244 USER UT003 - EXIT CALLED BY PRAMICD
09-04:02 1938 13 5244 CSP DISPOSE, DN-METADF-BB.WAIT.TEXT-'PLT2 DAT'
09:04 17 8375 13 5247 SCP CRAY TO VAX: %RMS-S-NORMAL. normal successful completion

09:04:17 8378 13 5247 SC? CRAY TO VAX: !ILE-S1SDUA107:[HILFER.Z1R]PLT2.DAT;:
09:04:17 8381 13 5247 SC? CRAY TO VAX: 498240 BYTES TRANSFERRED
09:04:24 4378 13 5247 CS? DISPOSE, DN-EPRMDF-BB.WAIT.TEXT-XPJI.MSG.'.
09:04:29 4988 13 5249 SCP CRAY TO VAX: %RMS-S-NORMAL. normal successful completion

09:04:29 4988 13 5249 SCP CRAY TO VAX: FILE-$ISDUAIO':[HILFER.FR2]XPJI.MSG:I
09:04:29 4991 13 5249 SC? CRAY TO VAX: 3101 BYTES TRANSFERRED
09:04:33 "48 13.5290 CSP DISPOSE. DN-DISOUT.DF-BB.WAIT.TEXT-'XPJ1.DSP.'.

* 09:04:36.5871 13.525a SCP CRAY TO VAX: V&MS-S-NORMAL. normal successful completion

09:04:38 5874 13 5252 SC? CRAY TO VAX: FILE-Sl$DUAIO'7:HILFER.FR2]XPJI.DS?:I
09:04:38 587 13.5252 SC? CRAY TO VAX: 888 BYTES TRANSFERRED
09"04"43 1980 13 5258 USER AUDIT

% 09 04:54 3707 13 7800 USER AU003 - 214 DATASETS. 228297 BLOCKS. 115795201 WORDS

09:04:54 3711 13.7801 USER AUO03 - 84 DATASETS. 48408 BLOCKS. 23744088 WORDS ONLINE
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xjiJ .CPR

U \SER AUJ00 Of DATASE-S. 179891 BLOCKS. 92051135 W~ORDS offLL?4T

1 3k S E -6 0 c E X I T

09s 04 54 " 18k 
T U 3~ 

0 0 0 
13 7605

09 . , 5 3 79 13 7200 C S?'coors

096055 3S08 *~l 
-80 

CS?~0' 
1i93

0 9 . 4 : 4 5 2 4 4 1 3 ' 6 5 U S l U S E R N U B E W'4H~ T -o o 0 0

39.0454 
13 18 USE JOB SE UE C HUMSEE

o g 0 4 5 4 5 2 4 " 1 3 -6 0 5 U S E R E O Y c u T E -9 
< ? 8

014.0 54 5288507 0 USER ME 0R 0 JXT T M jv'S 
C

'9 ' 4 :5 4 5 25 3 1 3 "8 0 5 U SER I M yW I T IN G To O E x EE -S 0 0-0 - 2 9 1 7

9: 04: S4 9 5 09 U E Asi TING F l o-0060 : 0 5 9

09:o' 54 520USER

13 7606 
MEEP MAXIMUM - C

So9 04E t14 4 4 
60

09 0 4 54. 512 1 .-780 USER m I IMUM F7, i f kS ) - 2 9 4

0 9 0 4 6 5 4 2 6 5 1 1 7 6 0 6 U S E R A X I M U Ml F I. W O R S ' -3

0 0-4seUSRMINIMUM JTA (WORDS) 510

09 04 13 l607 KAIMU 4TAR (WORW 30

0904:54 5291 1.3 760 SE DAIT. SECTOR MOVD 
0

0'.045'* 5294 13 -sol USER ISS S2CTOAS MOVED 
144

00.4 55$01 13 USR Z80"NS3

.0:5-37 3 '7607 USR SERL 1 0 REQSS -1

13.'760l USER OpINt CLSS?1I0 
-1 

4

09:04:5 37 1.3 70 US RO SSl CALLS 
0 3

0,0.45379 3'760l w USR MMR tSDN A S SD-11

0 45 5382 1.3r -ORS ACIERY 0ELE

is 170 
PjE ERAEN DATASI

T 
SECTORS uSAED

0904 4 5389 '70 US RP RM N N D T S T E T

0%.04:54 5392 13760 USER AETTST SECTORS RECCE5FRSIE"l"VA - 28

13 76E 
CTORS QUEUED Tf FRMON E0

09 04:54,5396 13 l608 JSER 
.............

09 04 .54 5401 1. 6 8 USER. 
...... ~ ...

SI TOXR N EJ- 2

09 04 14 a 5" Is 76RS5 USER 41LE

09 0 54 85 1 1 . 76 6 
COS SE I E T TABL 20, TH9880

13 ew' USE BEANEXECUTION ---- T1U AIR*1.198

0~904 5' 859 1 3 l s USE 187250 J O B 0 LAS cpu T '- a 630 00 KR --. 2 4

090 54 8808 ! 3.6 q i ?3 9,7250 NIOR C U IwR-SEC) 8 64 8 00 R -- 0. 23

09 0 54 881.' 1.3 7696 USER 0 .000000 TAPE OU"6(S 1 
2 5. 0al- 0

.........................................................................................

nj 04 54 8621 73 'A" 1EA. ........ A CS O TI O

C 0454 8626 3 97 UE

04.
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PLT2.DAT (Example Al)

_:TO :NPU7 PAPSMETER -53 1 OFIN~PU P4R1.MEL0 _N

N -P1 2 P"o 1-101 - .)C00 *.Ccoo 0 0000 30000 3.3000
NT12 . 0000 0.0000 :.3000 0.0000 3.0000

NY - INTiI-10i * .0000 0.5500 0 5500 ' 3. s0,0 0.5500

A I N 1.000 C.5500 0.5500 0.0500 a.5500 3.5500'
P *S 0.0000 RTfPE 2.3000 2.0000 210000 3.0000 2.0000

RAPR5"i. 000Tm !,2.300~ c 0 .3000 3 3 0
RISTO :- O-c T0.0000.GO ,00 .00 ~OO .cr

3K .8.3 .0000 0.000 0 0000 0.0000 0. 0000
-K 9 -19. lo T.IOT. 40.000 i0.000 10.000 40.000 q0.000

130 5.0000 4C.000 110.300 40.300 40.000 40.3000
TOOT -40.3CC
7T4 E33.00 I

TwST * 43.00
ZF1'NML 1 100.00

Z5TEP - 0.0500

L 5 3F [NP1,T PARAMUFP5R OnNTO

.M0 Z.^100 3.3000 0.000 2.30 :.Doc 3.000 0.000
.-300 C.000 0.000 0.000 .0 GG .-00Q O.000 0.000

- GO0 3.30 GO 30 0. 30 0.0UJG 'O0 .000 0.0O0 0.000
.300 2.000 C.000 0.000 0.300 300 0.000 0.000 0 0' -2.0 .

3.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 09 - 2.00 Z 0.00___________________

0.300c D.000 0.000 1 cod 0.300 2.303 0.000 0.000 I -N0G . 4.:4
* . 0 .000 3000 or 0.00.3 0.000 2.J00 0.000 0.000 ITGA- 1 ,

VO3.30 - -.300j 0.000 2.200 -.300 3.000 0.000 0.000
2.3C o 30-00 0.000 3.300 5.000 0.060 0.000 0.000
0.300 3. 0 .00 2.300 2.300 O.G00 3.000 0.000 -
-0300 0.300 3.300C 5.300 3.300 0.00C 0.000 0.000

2.00 200C 0.000 3.330 2.30 0.300 0.000 0.000
.300 Z.300 -.O0m 3.66c jo 2. 0 .000 C.00W 0.00

.1 * 230 330 0.000 3.000 2 .200 2.300 0.000 0.000
* .00C 2.000 _.000 0.300 0.000 0.000 0.000 0.000

3.000 0.300 0.000 0.000 0.300 0.000 0.000 0.000
3.30C 3.300 0.000 0.000 3.000 3.300 0.30C 0.000
O.300 O3.3C00 .000 0.000 0.000 0.000 0.000 0.00 .. '

N .303 ^1.00 .00 .000 3~o .000 C.oc 3.30 0.300 o
2 J00 3.300 a 000 0.000 3.300 20 o 0 00C 0.000 .I I
2.000 G.200 ;.30 We 0 ;_ .c . 2.30 3-o .. 000 3.000
-,c . ...... ... 0 .200 3. 00 2-300 0.00 wo .000
.303C 2.300 0.000 3.302 3.)CC0 ̂  2.300 0.000 0.000

).000 0.000 0.000 0.000 -. Do0, 2.300 0.000 0.0(5'
420 .000 3.300 3.302o ..... c ..... 0.30 3.00

3.300 3. 0 .000 2.300 3.300 2.:Go 0.3O00 .0006fJ 20 2300 -,-,C 2.3C '~" C>000 0.000
J 300 2.30o0 2O 300 .3000.........3.o 0.000 0.01
3.300 3.300 O.L00 2.30 3 000 3.300
3.300 3 300 3.2, GO 20 Low.300JO 3 300

3 300 - J0r 3 000 ico 3 , c0 Oo 20 .0002.300 j.000 0.30 GOO 0 3_G 3300 3 000___________________________
_JOG 31.30 330 3.X00 3 c .c .300 L.000 . 5.30 .00 0.000 3.0 C.3.0 .0 .E ' PIC0~O-SC5.M

2.300 3 300 0.000 2.20.. 200.300 ~ c
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PLT2.DAT (Example Al)

-P- SE. B0 E -P - 2.00 0.00

.~~ .... . .. . . .

, ..................

-- /
0' 0.............

S ci a i4 40

:ME _ -- SECONDS, 
T IME PICO-SEC01 wSo

'. 'N P 7 K m 5: [>7.,SiT~ Ari1At 5TOK[5 : P 5 _

I 0 A. - 0 TWA.
NTEG 3Z8 

S. Z- PEPB. , C P - 2.00 T - . 30

3 08

084

II

ScoSc

ScS - !C -30~

_ _ _ _ _ _ _ _ _-__ __ _ _ _ _ _ I
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PLT2.DAT (Example Al)

SOI R A-n- -MG C TPA 7q.

4;R

1I 0 P .iRAL-,1 iA .D TA

li 'S-[EO O 2J 0 E-TEO - .000

18

"4 IF



PLT2.DAT (Example Al)

~ ?~P P11AN PUMiP. PHS;

I TPA SOID ITRE.OrE ACTI.A. 0 rRA.
E- c-",'f -9 2.00 50.00 SCC-oyPEP9. C 2.00 50.00

OPE ION i0000

4

T~fIC(RI~ SECODS) I PLC0-5ECONOi

QPt PUMP: RMPL:TUDE RAMAN STOKES: NNS:_

% 0 tO EL 0A - Ir1A43 1 0 TRA C - A
5c- EtBEP 2 .0c Z so ~O00 'o SEC-MIPEW8 EIP -2.00 - o0

GAIN- 69.8489

-lit
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PLT2.DAT (Example Al)

~r~N3T2E5:~R;MIRN STOKES: r-MPL:E

50.1 ITERrER. AS"C-: ACTUAL 1 0 TRA.SDi REAL DAI'C - 0 A.

SE--PE . o .3C 50.00 t $ SEC-.IPE.RO. DI 2.00 s.Y

/ -4

......................... .......

________________________ -is@

,aE SE a -ND TIM 01O-CON

N T N AA MT X. HS

-7 IC:;scoo TMC PIC-sti

P~tr~ '. :T£N:T(RAMN AT.ExC:187S

-0I III -0 RI



PLT2.DAT (Example Al)

PRMPN MAT. ExC. : RMP -'TjOE ~~M:'

SX;o REAL OFSMCC - ji% 0 o RA. -

SE~C-.TRERB . EXP -2.00 -C-fpp E000-2: -

OCPLC-: 3fl- .0000

4 -4

-N - RAA/ UP MLT,

R /N",!

SOL T P~c?. 3AHEO ACTAL SL!G REA
1 0 TA. P__ _ -_mA_ o_ _A

E- -P IP .O 0.0 E-HP~ PE-SoPs -I [2.0 0 -5CC0~

.~00 F

-2.... .3.0S C T E A . ... ...0 .. .... 00.

1881



PLT2.DAT (Example Al)

- 0 Top 50LID - INTCRFER. 0AS CQ CO A

c- AIN 216 '0ooo? S P ER CP -2.00 ;c0

.01

PRR R ;RM R : MAT. E.C. NTENSTh -

*O; -- ELOSE IA.1 0TA

c- SEI TEB IX .0Z O.0

.'C 5:-L. NOS, TIME tP!CO-SECONDS,
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PLT2.DAT (Example Al)

RAMAN MAT. [Z.: RRMRN MAT. EYC.: -MPJT-,D-

S OLIO - REAL OftrED - IMG 1 TA
5CH ER, Ep 2.30 Z oo 10.0 5EC-oTPERS -x 2.00 - 10.00

-W3TI E i IC-.C W 5
TIM P;:-SCO 5
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EXAMPLE A2
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CRJ3.JOB

AUDIT.
FETCH, DN=RJ3,TEXT='RAM2D.C.FOR'.
CFT, I=R33,ON=INZ.
LDR, AB-XRJ3,NX.
SAVE, DN=XRJ3.
FETCH, DN=NRAM,TEXT='NRJ3.DAT'.

DISPSEDN=ERRM,DF=BB,WAIT,TEXT='CRJ3.MSG.'.

AUDIT.
EXIT.

*DISPOSE, DN=ERRM,DF=BB,WAIT,TEXT='CRJ3.MSG.'.
DUMPJOB.
DEBUG, BLOCKS=VINIT.
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CPJ3.JOB

AUD IT.
ACCESS, DN=DISLIB,ID=DISSPLA,OWN=LIBRARY.
ACCESS, DN=INTLIB,ID=DISSPLA,OWN=LIBRARY.
ACCESS, DN=DVSD,ID=DISSPLA,OWN=LIBRARY.
FETCH, DN=PJ3,TEXT='PRAM1CD.FOR'.
CFT, I=PJ3,ON=INZ.

toLDR, LIB=INTLIB:DISLIB,NX,AB=XPJ3.
SAVE, DN=XPJ3.
RELEASE, DN=P33.
FETCH, DN=NPRAM1,TEXT='NPJ3.DAT'.
XPJ3.

SIDISPOSE, DN=META,DF=BB,WAIT,TEXT='PLT2.DAT'.

0 DISPOSE, DN=EPRM,DF=BB,WAIT,TEXT='CPJ3.MSG.I.
- ~ DISPOSE, DN=META,DF=BB,WAIT,TEXTS'CPJ3.DSPI.

AUDIT.
EXIT.
DISPOSE, DN=EPRM,DF=BB,WAIT,TEXT'CPJ3.MSG.I
DISPOSE, DN=META,DF=BB,WAIT,TEXT='PLT2.DAT'.
DISPOSE, DN=META,DF=BB,WAIT,TEXT='CPJ3.DSPI.
DUMPJOB.
DEBUG, BLOCKS=GRAPHS.
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NRJ3.DAT

SNAML
TOFF(2)=30.0,
TWIDTH( 2)=20 .0,
RINT(1)=1.0,
RINT(2)=10.0,
RINT( 3)=1 .0,
PHL( 3)=6 .28,
ITYPE( 3) =4,
RTYPE (3 )=8 .0,
RIST=1.OE-8,
ICOND=3,
ZFINAL=100 .0,
ZKEEP=50.0,

NAMELIST/NAML/NPUMP,YM,TM,ZINT,RKP,RKS,YOFF,TQFF,YWIDTH,TWIDTH,
1 YOST,TOST,YWST,TWST,RINT,RIST,RAM4ASM,RALASM,NHYP,PHL,PHST.TOC,
2 ITYPE,RTYPE,RABAMP,RDSLIM,ICOND,ZSTEP,ZFINAL,ZKEEP,NM4AX,TTWO,GAIN

NPJ3.DAT

$ FtDATE

4 MONTH-03,
DAY 28
YEAR- 

8,:
'PART2
N'EDN-2

) ScONDAT

LPRIT 3- "
LPRMT(4->
NSEC-3,
CSECr1I.-j 1.0,2.0),
CSEC ,j,2-.,2.C),
CZ-(1,3,-. 3.0,2.0,
CSEC;(2 21 -~1.0,2.0),

CSEC' 2:2 2 .0 ,2.0),

CSEC2 , 3 3.0 ,2.0),
CSEC) -l.1 1.0.2.0,
CSEC) .2)- 2.0,2.0),
CSEC .,3 -'3.0,2.0,
CSEC)8,. .- 1.0,2 .0),
CSEC8,2-2.0,2.0),

--SEC 13,1. 30.0
CSEC13 2 -2.0.c
C-SEC,13,3 *3.2 "

CSEC,14 , .-
CSEC3.4,2 2.,.

CSE 14 3 - 3..2

KZ' 3 -3,

S
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CRJ3.CPR

10.45.04 7232 0 0000 CSL
10.45.04 235 0 0001 CSP

10 45 04 '238 0 0001 SP There tll be no CRAY off line data set recalls on Tuesday or W.4nes

10 4504 7241 0 0001 CS? mornings between 200 AM and 700 AM in order for us to perform CLEANUP

10.45:0S '244 0.0001 CSP runs on our CRAY archive tape library.
10 45 :04 246 0 0001 CSF .......... .. ..................... ...... ...................... ......

10 41 04 9833 0 0001 CSP CRAY X-MP SERIAL-415 65 NAVAL RESEARCH LABORATORY C4 QO 88

10:45 04 9836 0 0001 CS?

10-45-04 9840 0 0001 CS? CRAY OPERATING SYSTEM COS 1 15 ASSEMBLY DATE 21 24 88
1045:04 98 43 0 0001 CST
10:.s:04 9846 0 0001 CSP
10:45:05 068 0 0002 CS? JOB.JN-CRJ3.MFL-511000.US-DEFER

% 10:45:C5 984 0 0012 CS? ACCOUT.AC-.US-.UPW-APW-
10:45:07 5805 0 1104 USER AC213 - ' TOTAL BUDGET WARNING LEVEL REACHED FOR THIS ACCOUNT NUMBER

10'45708 54,79 0 1135 USER AUDIT

10:45:41 3632 0 3197 USER AU003 - 187 DATASETS. ?08621 BLOCKS. 106751139 WORDS

% 10:45:41.5837 0.3198 USER AU003 - 37 DATASETS. 28730 BLOCKS. 14700004 WORDS ONL:NE

% 4 10:45:41 5642 0 3199 USER AU003 - 150 DATASETS, 179891 BLOCKS, 92051135 WORDS OFFLINE
10:45:41 5711 0 3200 CS? FETCH. DN-R.3.TEXT-'RAM2DIC.FOR'.

S10.49.45 "31 0 3201 SCP VAX TO CRAY: %SYSTEM-S-NORMAL. normal successful completion

10:45:45 7"3 0 3201 SC? VAX TO CRAY' FILI.SlSDUAI07-[HILFPR. R2)RAaDiC FOR:48

10!45:45 '740 0 3201 SCP VAX TO CRAY: 54938 BYTES TRANSFERRED
"1 10:45:50.1769 0.3201 SCP SS004 - DATASET RECEIVED FROM FRONT END

10:45:50 4813 0 3205 CSF CFT. I-RJ3.ON-INZ.
10.45:50 9744 0 3209 USER C000 - CFT VERSION - 08 10 87 1.15B2

1 045,58 1978 2 1121 USER CFOO1 - COMPILE TIME - 1 8512 SECONDS

10:45:58 982 2 1'21 USER CF002 - 1295 LINES. 803 STATEMENTS

10 45:58 '988 2 1721 USER CF003 - 75082 WORDS. 14 40 I 0 BUFFERS USED
!0:45:58 7994 2 1723 USER CF017 - 2 WARNINGS
10:45:58 9784 2 1727 CSF LDR, AB-XRJ3,NX.

10:46:17 2556 2 4338 CS? SAVE. DN-XRJ3.
10 46:1 5188 2 4338 FDM PDO00 - PDN - XRJ3 ID - ED - S OWN - HILFER

1046-1' S191 2 4336 PDX P0000 SAVE COMPLETE

10:48:17 5211 2 433' CSP FETCH, DN-NRAM.TEXT-'NRJ3 DAT'

10:46:21 '099 2 4338 SC? VAX TO CRAY: %SYSTEM-S-NORMAL. normal successfUl completion

10:48:21 71o 2 4338 SC? VAX TO CRAY: FILE-SlSDUAIO?:MILFER.FRa3NRJ3.DAT:3
10;46:21 ,106 2 4338 SC? VAX TO CRAY: 592 BYTES TRANSFERRED

10:46:25 3771 2 4338 SCP SS004 - DATASET RECEIVED FROM FRONT END

10 4625 6'13 2 4340 CS? XRJ3

104745 8254 21 1838 POX PD000 - PDN - FJ3042088 ID - ED - I OWN - MILlER

10.47.45 8257 21 3838 PDM ?D000 - SAVE COMPLETE
1, 47,45 8266 21 3838 USER UT003 - EXIT CALLED BY RAM2DIC
10:4;:49 8s80 21 3838 CST DISPOSE. DN-EAM.DF-BBWAIT.ESX- CRJ3.NSG.

10:475O 691' 21 3841 SCP CRAY TO VAX: %RMS-S-NORMAL. normal successful completion
10:4750 6920 21 3841 SC? CRAY TO VAX: FILE-SISDUA107:(HILFER.FR2lCRlJ3.MSG:l

10-47,'0 8923 21 3841 9CP CRAY TO VAX' 20 BYTES TRANSFERRED

10:47:53,8852 21.3845 USER AUDIT.
10:481:0 3499 21 5929 USER AU03- 189 DATASITS, 206967 BLOCKS, 106927943 WORDS

10:48:10 3504 21 5930 USER AUO03 - 39 DATASTS. 29076 BLOCKS, 14080808 WORDS ONLIE

40,48:10 3509 21 5931 USER AU003 100 DATASETS. 179891 BLOCKS. 92051135 WORDS OFFLINE
i0:48:10 3589 21.5931 CS? EXIT.

01048710 3605 21 5932 CSP END OF JOB
10i48:10 3610 21 5932 CST
1048:10 31 21 5932 CSE

10 48 10 5246 21 5933 USER JOB NAME - CRJ3
10 46 to 5252 31 S933 USER USER NUMBER - HILlER
10 *silo goes at $933 UeBR Jr0l CIQXNfCZ NM2Z1R 38880

k195
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CRJ3.CPR

a: .815259 21i 5933 JUSER
A: *a >2 5285 21 5934 USER ::ME EXECUTING IN CPU - 0000:00.21 5933

>2 48 10 5270 21 5934 USER t:ME WAITING Tz EXECUTE - 0000:02.03 8841

.0 t s 52,7 21 5934 USER T:ME WAITING FOR 1 0 - 000:0039 5'98
1 8ii TIME WAITING IN INPUT QUEUE 0000.oo.o0 oS4

i3 48 i-I 5282 zi I93N USER MEMORY FCPU TME tDS.SEC - 2 99854
1) 4S !: 5288 21 5935 USER MEMORY 1 0 WAIT TIME [IfWDS'SEC) 3 99918

43 8 io,3 289 21 5935 USER MINIMUM JOB SIZE WORDS) - 43008
48 32 $3 21 5935 USER MAXIMUM jOB SIZE ,WORDS) - 21,5040
4Z 8 13 $29 2i 5935 U SER HM ;:MUM FL WOR DS) -38 00

48 il 21 95 USER MAXIMUM Ft (WORDS) - 210432

i: 48 iD 5305 21 %935 USER MINIMUM JTA 'WORDS) - 3584
10 48:10 5308 21 5935 USER MAXIMUM JTA tWORDS) - 510
148 10 '312 21 5935 USER DISK SECTORS MOVED 2952s

1: 48 10 5316 ZI 5935 USER FSS SECTORS MOVED -0

: : 30 21 5935UE USER I 0 REQUESTS - 1379
IC04:10 5323 21 5935 USER USER I 0 SUSPENSIONS - 1599

10 38:10 37 21 5938 USER OPEN CALLS - 45

10:48:10 5331 21 5938 USER CLOSE CALLS 44
10 46.10 5335 21 8938 USER MEMORY RESIDENT DATASETS - 0

1046 10 5338 21 5938 USER TEMPORARY DATASET SECTORS USED - 1
10 46 10 5342 21 5935 USER PERMANENT DATASET SECTORS ACCESSED 1414

10 48:10 5348 21 5936 USER PERMANENT DATASET SECTORS SAVED - 348
10:45 10 5350 2i 8938 USER SECTORS RECEIVED FROM FRONT END - i

10.45:10 5354 21 5938 USER SECTORS QUEUED TO FRONT END - 1
10 4810 8908 21 8012 USER

.1 8.13 8909 21 6:a USER
lo 46 1D 8913 21 6,212 USER COST TABLE FOR THIS JOB "
10 4510 8918 21 80'. USER JOBNAME --- CRJ3

:0 4810 8920 21 6oi4 USER USER IDENT HILFER

1040:10 8924 21 5015 USER BEGAN EXECUTION ---- WED APR 20, 1988 10:45:04 HOURS.
>2 48:10 8928 21 801e USER AT A PRIORITY OF -- 3

42 48:10 8931 21 8017 USER AND JOB CLASS OF -- DSMALL

to 48 : 8935 21 5018 USER 21 599948 SECONDS OF CPU TIME & S 630 00 MR -- $ 3 78

1 '48 I 8939 21 6020 USER 2 998950 MEMORY'CPU (MWRD-SEC) a t 84.00 HR 1 0 07

i0 48 10 8943 21 8021 USER 4 004100 MEMORY'I 0 (MWRD-SEC) 4 3 84 00 MR -- 1 0 09
10 48:10 8947 21 8022 USER 0 002954 1 0 MEGASECTORS MOVED 6 3 84.00 EA -- 1 0.85

10.48110 8951 al.8oa3 USER 0.000000 TAPE MOUNT(S) 6 5 3.00, A -- 1 0.00
,o 48 10 8955 21 5024 USER1 3 4 8 i o 8 9 8 1 0 2 4 U E R ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' . ...." ..' ' ' ' ' ' ' ' '
10 48 10 8958 21 8024 USER .... TOTAL COST FOR THIS JOB .. .- 1 4 19

12 48l) 9861 21 60124 *"SER............................................................................
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CPJ3.CPR

13 9887 0 000 CSP . . . . .*. . . . . . . . . . . . . . . . . . . . . . . . . . . .

i)52 01 60 000 C?

10 52 D 1 9813 , 000O CSP WELCOME TO THE WRL CRAY XMP

io 5020 gsi 96p 0000 CSP

S10:52.01 9682 3 0001 CSP There will be no CRAY Off-line data set recalls on Tuesday or WedneSdav
! 1:52:01 94385 0 000, CSP mornings between 2:00 AM and 7:00 AM In order for us to perform CLEANUP
1o:52:ol 9088 0 0001 CSF runs on our CRAY arChlve tape library.
I~0 : 2 : C! 9 69 1 0 0 C SP . . . . . . . . . . . . . . . . . . ........................................
10 2.01 9'15 001 S CRAY X MYSERIAL 41 65 NAA EERH LORATORY 04 a08
10:52-01 9'718 0 O000i CST

10- 2:01 9 22 0 0001 CSP CRAY OPERATING SYSTEM COS 1.15 ASSEMBLY DATE 01 04 88
I O:5a:Ol 9,725 0 0001 CST

10:52:01 9728 0 0002 CST
0 50:2:0i 9949 0 0002 CST JOB.JII-CPJ3.MFL- 11OOOUS-DEFER
10 502.C2 0243 0 0014 CSP ACCOUNT.AC-,US-.UW-.APW-
10"12"03 4287 0 11,14 USER AC213 ' TOTAL BUDGET WARNING LEVEL REACHED FOR THIS ACCOUNT NUMB"R

13:52:01 0748 0 1148 USER AUDIT.
10,52:31 6488 0 3240 USER AU003 - 189 DATASETS. 206967 BLOCKS. 106927943 WORDS

l0:;:;31 ;*:I I. 4 UJSZ AU003 - 39 D)ATAGZT8, a9o76 SLOCKS, 1876804 W0 LD8 0ULZME

10: 2:31 848 a 032:2 USER AU003 - 180 DATASETS. 179891 BLOCKS. 9001135 WORDS 0FFLINE

S10-:2:31 86581 O 3246 CST ACCESS. D)N-DISL:B.rD=DrSSPLA.OWN-LIBRARtY
10- 2.31 9239 0 3248 PDM PDO00 - PDN - DISLIB rD - DISSPLA ED I O WN -LIBRARY

10:52:31 9242 o 324e PDM PD000 - ACCESS COMPLETE
10-52:31 9281 a 3250 CSP ACCESS. DN-INTLIB.ID-DISSPLA.OWN-LIBRARY.
10:52:32,1834 Q 3250 PDh PDO00 PDN - INTLID 11) - DISSPLA ED - I OWN LIBRARYd
10.52:32 1838 0 3250 PDM PD000 ACCESS COMPLETE
10852:32 1862 0 3253 CSP ACCESS. DN-DVSD.ID-DISSPLA.0WIC-LIBR&ARY.
10-32:32 4003 0 1254 FDM PD000 - ?DN - DVSD rD - DrssPLA ED - I OWN oLIBRARY
0:2:32 008 0 3254 PDM PD000 - ACCESS COMPLETE
!" 0:52:32 4022 0 3254 CSP FETCH. DN-PJ3.TEXT-'PRAMlCD).FOR'.

:0,52 39 7022 03Z58 SC? VAX TO CRAY: %SYSTEM-S-NORMAL, normal successful completion
10 52.39 IC25 3258 SCP VAX TO CRAY: PILE-$1SDUAI0* :[HILFZR ER2]PILAMIOD.FOR;9
10 12 39 -2 8 12358 SCP VAX TO CRAY: 1"6888 BYTES TRANSFRRED
10"32:42 15,34 0 3256 SCP SS004 - DATASET RECEIVED FROM FRONT END

.10:52:42 5372 0 3280 CST CPT. I-FJ3.01(-rxZ.

10:52:13 0746 0 3263 USER CF000 - CFT VERSION - 06 18 87 1.15BF2
10:53:01 3381 8 8122 USER CF001 COMPILE TIME,;. 8 4859 SECONDS
10:53 02 34 8 a 812Z USER CF002 - 3958 LINES 2705 STATEMENTS

. 10 S3-01 3432 88122 USER CF003 - 1078S0 wORDS. 14540 1'0 BUTTERS USZ7)

, 10-53"01 4880 88128 CSP LDR. LIB-INTLI1B:DISLID.N X.AD _XP 3.
1. 0:53:08 0174 10 1233 CSP SAVE. DN-XP43.
1. 0:53:08.2797 i0 1232 PDM PD000 PDN - XPJ3 ID - ED - a OWN HILMFI

10' 50:3:08 2800 10 1233 PDM PD000 SAVE COMPLETE
10 53,08 2819 1,3 1234 CSP RELEASE. DN-PJ3.

"10 3308 2858 10 1239 CSP FETCH DN-NPXAMI.TEXT- NPJ3 DAT'
10. 10'3,13 SP83 10 1236 SeE VAX TO CRAY! %SYSTEM-S-NORMAL. normal successful completion

,"'10.53:13 5788 10.1236 SC? VAX TO CRAY: FILE-$I SDUAl07:[HILF1R.l La]NrJ3.DAT:9
;' 10 53:13 57 9 10,1236 SC? VAX TO CR;AY: 1058 BYTES TRANSFERRED

0:3.17 09 0 1238 SCr SS004 - DATASET RECEIVED FROM FRONT END
-- %10:53:17 9790 101236 CSP XPJ3.

1i 0,53,20 9288 i0 1284 PDM PDO00 - ACCESS COMPLETE

10.54.05 5294 24.0181 USER UT003 - EXIT CALLED BY PRAMICD
10 54:05 3320 24 0181 CSP DISPOSE, DN-META.DF-BB.WAIT.TEXT- PLT2. DAT'.
1,3. 5 :21 i193 24.0183 SC? CRAY4 TO VAX; %5 MS-S-NORMAL. normal successful completion

% 1:34:21 1498 24.0183 SCP CRAY TO VAX: FILE-SIIDUA1O :[HILFEt.FR2]PLT2.DAT;l
10-14 21 1900 24 0183 S-P CRAY TO VAX: S47920 BYTES TRANSFERR~ED

S10 4:23 9858 24 0184 CSP DISPOS. D-ERM.DF-BB.WAIT.TEXT-'CP3 MSG.'.

%. 10 54 29 7490 24 0186 SCP CRAY TO VAX: %RMS-S-NORMAL. normal successful completion
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CPJ3.CPR

1-54 29 1493 24 11R6 SCP CRAY TO VAX- FILE-%IIDUAI.O'7 [HILFER FR2]CPJ3 MSG:A
10 54 29 '496 24 0188 SCP CRAY TO VAX: 3404 BYTES TRANSFERRED
10.54.34 629' 24 0 186 CSP DISPOSE. DN-META.DF.BB.WAIT.TEXT- CPJ3 DSP
10 5% 34 d315 24 Z188 EXP SY00. RLS COULD NOT FIND A DNT FOR META
i0.s:35 1661 24 019a LSER AUDIT
1055'05 6981 24 22-2 USER AU003 190 DATASETS. 209325 BLOCKS. 10,111217 WORDS
Ss055:05 6986 24 2272 USER AU003 40 DATASETS. 29434 BLOCKS. 15060082 WORDS ONLINE
10:55:05 6990 24 2273 USER AU003 - 150 DATASETS. 179891 BLOCKS. 92051135 WORDS OFFLINE
10.5$:05 8684 24.2247 CSF :.::IT.
S0"55'05 8666 24 2274 OSP END OF JOB
10 55 05 8669 24 2274 CSP
10 55 05 8814 24 22'74 0SP
10:55-08 '39 24 2276 U ER JOB NAME - CPJI
10 55 06 0312 24 2276 USER USER NUMBER - HILFER
10 55-06 0318 24 22"6 USER JOB SEQUENCE NUMBER - 38928
10:55:06 0219 24 2276 USER
-055:06 0323 24 2276 USER TIME EXECUTING IN CPU 0000:00:24.2275
10 55 06 Di2' 24 22'6 USER TIME WAITING TO EXECUTE 0000:02:01 7699
10:5'06 0330 24 2276 USER TIME WAITING FOR 1 0 - 0000:00!38 4403
1055:06 0334 24 2276 USER TIME WAITING IN INPUT QUEUE - 0000:00:00 0168
10 55:06 0338 24 227

1  
USER MEMORY I CPU TIME (MWDS'SEC) - 4.65757

10 55:06 0342 24 2277 USER MEMORY " 1 0 WAIT TIME (MUDS'SEC) - 4.39400
.0:55 06 0345 24.2277 USER MINIMUM JOB SIZE (WORDS) - 43008
10:55 06 0349 24 2271 USER MAXIMUM JOB SIZE (WORDS) - 311296
10 55-06 0651 24 2271 USER MINIMUM t (WORDS) 38400
10"55.06 054 24 227' USER MAXIMUM FL (WORDS) - 306176
-0.55.06.0658 24227' USER MINIMUM JTA (WORDS) - 3584
10 55:06 0661 24 227" USER MAXIMUM JTA (WORDS) - 5120

ele. 10,55.:6 665 24 2278 USER DISK SECTORS MOVED - 4492
0. 1055-06 0869 24 2278 USER FSS SECTORS MOVED - 0

10 55:06 T652 24 2Z78 USER USER I 0 REQUESTS - 1553
, -6550 0O6 24 2276 USER USER 1 0 SUSPENSIONS - 1877
10.55;06 057g 24 2278 USER OPEN CALLS -51
10 5506 0683 24 2278 USER CLOSE CALLS - 49
10:5:06 -686 24 2278 USER MEMORY RESIDENT DATASETS -
10:5s506 06go 24 2278 USER TEMPORARY DATASET SECTORS USED - 183
10:55 06 0694 24 22-8 USER PERMANENT DATASET SECTORS ACCESSED 2451
10:55:06 0697 21 2278 USER PERMANENT DATASET SECTORS SAVED - 358
10:55:O 0701 24 2278 USER SECTORS RECEIVED FROM FRONT END - 45
10:55:08 0704 24.2278 USER SECTORS QUEUED TO FRONT END - 138
10.55:06 3479 24 2355 USERi0 515 06 1481 24 2359 USER .....1 ...... ' "........... I,.. .............. ..,,.. ... . .... ,.. ..............
10,55:08 "483 24 2358 USER ''' COST TABLE FOR THIS JOB ...
-0:55:08 3489 24 2351 USER JOBNAME CPJ3
10:55.06 USER USER IDENT. HILFER
10:55:06 3497 24 2359 USER BEGAN EXECUTION ---- WED APR 20. 1988 10:52:01 HOURS
10-55.06 3500 24 2360 USER AT A PRIORITY OF 3
10 55 06 3504 24 2361 USER AND JOB CLASS OF -- DSMALL
10: 9506 35"8 24 2382 USER 24 234292 SECONDS OF CPU TIME 0 1 830 00 HR - T 5 4 2410 55 06.3512 24 2383 USER 4.658,i MEMORY'CPU MWRD-SIC) * 1 84.00. HR -- s 0 11
10 55.06 3517 24 2364 USER 4.397654 MEMORY;I 0 (MWRD-SEC) 0 1 84.00 MR -- s 0 10
10 55 06 3521 24 2366 USER 0 004494 1 0 MEGASECTORS MOVED S 84.00 EA -- 0 0 38
1 10:55;06 3525 24.2367 USER 0.000000 TAPE MOUNT(S) S 5.00 EA -- S 0 00
10 SS 06 3529 24 2368 USER
10 5506 3531 24 2388 USER .'.' TOTAL COST FOR THIS JOB '''" | 4 83
10:5506 3534 24 2368 USER ........ ..... ........... ....... ..... ....... . ... ............ ..

198

*9.



PLT2.DAT (Example A2)

7~-.' Y INPJ_ PARATERS0 P :ONTO

-PM 420 300 . 4O 620 DO 10

-T o2 -~ ̂ 0- 0C 30000 20 5200 3000 000

NftR NTf -101 i 000 .000 0 000 1OG Q5.0 55&C

;3A - 0200 350 5500 G0550005520255.3
-. 57 - o -:c_ PTYPE 00 2 .OG 000 60000 :200 :0000oc

RkA - I- occ 2.3000 Z.00 0X 0000O

- .0000 I TM .21 -c on00.0 00

- ,-' Torr 1-1C, - .0000 X30.000 00 C .0000 0 G 00
-. - 0.0000 0.0000 0 0000 0 0000 .000
- -. 4 . MOTH0? - 0.000 20.000 40.000 40.000 i0.000

:0 s: 40000C 40.000 40 000O 40000 40 000

4,:S- , 9 :- -
I220

- - :c. oo:

0 )0 OOG .O

Loac -C lC 6: -30 .0 .0
C GC Z)O C O .0

..4 3.O 0 500 000 000 - .,-3

ANE~-4 A

:00 Mo 0.0 v.000
C.30 JCZ ,-c ,56C 360 200OO0 2000 -. w

_300 -c .oo22 w 2 300 1.0o00 00M 0000o
J.30 .0 .. . icx ;000 oo 0000o

i3 3 0 -^O -- o M 0c o .o
00 0 2x_:c .2,c0 2.000 2,^00 3.300 0. 000 0.000 SCIC6 .0 20 200 .- .3

1m JO ZQ -10 .jc 00 .02 1 20C - c 00 000 0 000INC %- 4.4
.oc Z.- :rc .:00 2.002 :.500C oc 3.0 oca 0.o
2.C 30 20 c0.300 1. 30 0000 :.0 000 0.000
.3w :.-,c0c00 0.600 2.300 1.300 3 ...C 0. 00 0. 00

zp000 000 000000_ 00 00 000 06 00 CO .000
4%'c 'cc0 0 -0 2.0 0.00 JOG 0000 0.300 0000w

:.00 c Mc0 00 -000 -,G 7c 000 0
Icr 00 C 00 301r - c 0 000

5.:c 00 0 cc -.JO000

:3 C2200

- 200
GC~~~~~~~~ -or 30 '1 YXC00TIEPC-UNS

:- 000
.0332 .:c G 0.200

N- 4199



PLT2.DAT (Example A2)

TA
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PLT2.DAT (Example A2)

- 2-0.30 PAL 2CC4!0 - 2y

-. 4C - . 3N
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PLT2.DAT (Example A2)
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PLT2.DAT (Example A2)

TPA --A

- - Z.. 0.~ - G SE.P ERB,~ -I .o W Z 2 2 - 3
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PLT2.DAT (Example A2)

OPLVION-

0 RA

5C iPP. CP- 220o CF5E C-PNENIA . El i- -ISE

V
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PLT2.DAT (Example A2)

0

-E - E5-C -CA 7 - -7-

G N- -. 6aCI

Sf
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PLT2.DAT (Example A2)
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PLT2.DAT (Example A2)

-oO 6.LC :~. - -- 50.00 SE--PEO CO 2.00 :RSE 500

1z

so 3 soWs.

I - 0iSA. I -0 TPA.

* --, 2 C 10C -SE 50.00 2 - .ZAC2-

00 .0 soMI
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PLT2.DAT (Example A2)

'c~r 5E -OQ E. _7: -- K )

~C3O - .

5. -. AA,

T*m I; -. SC005

C-PNEN=Q E" @O -EI I 5.c E-!CB X 0

3E( E'3,

13.
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PLT2.DAT (Example A2)

SE JJE.8 3c. P.Zac

- ~ CN IOEPLETON a... x
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PLT2.DAT (Example A2)

A E
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PLT2.DAT (Example A2)
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PLT2.DAT (Example A2)
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APPENDIX B 1-D Stationary Limit; Examples

Two examples are appended to illustrate code operation in the stationary limit.

The illustration features the batch job command files, the input data files, the ouput

CPR-files and the resulting output. The first example is a simple run that features

a chirped input signal and fast Fourier transforms of the fields. The second exam-

pie illustrates several cases of multiple aberrated beam interaction in one run of the

programs.

EXAMPLE B1
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XlJ.JOB

AUD IT.
FETCH, DN1:NAM.TFXT='NRJ.DAT'.
ACCESS, ON-XRlj.
XRIJ.
DISPOSE. DN-ERRM.DF-BB.WAIT.TEXT-'XIJ.MSG.'.
ACCESS. DN-DISLIB.ID-DISSPLA.OWN-LIBRARY.
ACCESS. DN-INTLIB, ID-DISSPLA.OWN-LIBRARY.
ACCESS.* DN-DVSD. ID-DISSPLA.OWN-LIBRARY.
ACCESS. DN-XPIJ.
FETCH. DN-NPRAM1 .TEXT-'NPIJ.DAT.,
Mi1.
AUDIT.
DISPOSE. ON-META.DF-88.WAIT.TEXT'PLT2.DAT'.
DISPOSE. DN-EPRM.DF-88,WAITTEXT-*X1J.MSG.*.
DISPOSE. DN-DISOUT.DF-BB.WAITTEXT-XIJ.DSP.
EXIT.

%.
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NRIJ.DAT

SNAML
RIST=1 .QE.12,
PHL( 1)=3.14,
PHL(2)=3. 14,
PHST=3 .14,
ICOND=4,
ZFINAL=40 .0,
ZKEEP=1O. 0,
GAIN=0 .4,

NAMELIST/NAML,/NPUMP,YM,TM,ZINT,RKP,RKS,YOFF,TOFF,YWIDTH,TWIDTH, -

1 YOSTTOST,YWST,TWST,RINT,RIST,RAMASMRALASM,NHYP,PHL,PHST,TOC,
2 ITYPE,RTYPE,RABMPRDSLIM, ICOND,ZSTEP,ZFINALZKEEP,NMAX,TTWO,GAIN

NPIJ.DAT

S FLDATE

I ONTH-O 3,
DAY-28,
' EAR-88,
PA~RT2,

S C ON DAT

LPPF T'2 1I

LPRIMT(43-l,

CSEC>1,,)( ., .
.P CSEC(,1 1.),2.3),

CSE (4 )= 1 . 3 2 . 3'pCSEC ,I1 1.) 2.1)

CSEC(10,1=' 1. 3,2. 3),
CSEC(1,1)(-1.,2.),
CSEC(13,1)-(1.0,2.C).
CSEC(14,1)-(1.0,2.C),

CSEC(16.I)-(l.O,2.C),

CSEC) 17,1) -(1.0,2.C ,

* S 2 PLOT

KZ(22-4,
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XIJ.CPR

16 20 55 8536 0 0000 - CSP

6 2 55 8539 0 0000 CSP

16 20 :5 8541 0 '000 CS? WELCOME TO THE NRL CRAY XMP

'. A t'- tR 44 *I~ SP

16 " n 55 8546 0 0001 CSP ...... ...........................

16 30 55 8549 0 0001 CS? We are attempting to cleanup the library of CRAY archive tapes

$ 16 .0 55 8551 :1 0001 CSP These cleanup runs will be made on Tuesday and Wednesdav

li 55 8554 000 CSP mornings between 2,00 and 7:00 AM During these times, there

I0 C2, 5S 855- D 001 CS
P  

vill be no recall of off lne data sets if you plan on running

'A 30 ms 8550 0 001 CSP .obs during these hours. please Insure that required files are

16 20 55 8562 0 0001 CSP on line

16 3o.55 8584 0 0001 CSP ..............................................

16 30 56 0923 0 ,002 CSP CRAY X HP SERIAL 415 65 NAVAL RESEARCH LABORATORY 03 28 88

16 30 56 0926 0 0002 CS?

qi 20 6 ' o '*"' CqP CRAY OPERATING SYSTEM COS 1 15 ASSEMBLY DATE ?1 -4 88

16 2056 0154 0 0002 CSP

16 q206 009" 0 0002 CSP

1630.56 112
7  

0 0002 CSF JOB.JN-XJ,MFL-5I1000.US-DEFZR.

16"20"5 1482 0 0013 CSP ACCOUNT.AC-,US-,UPW-.APW-

16 30,58 G049 0 1022 USER AC213 TOTAL BUDGET WARNING LE'.'ZL REACHED FOR THIS ACCOUNT NUMBER

16 30 59 )414 .) 1051 USER AUDIT

16 31 0 6942 0 18 2 USER AUO03 63 DATASETS. 95112 BLOCKS. 486,7817 WORDS

12 81'0 6948 0 1872 USER AU003 - 6 DATASETS. 1535 BLOCKS. 784380 WORDS ONLINE

16:31.03 6950 0,1874 USER AU003 57 DATASETS. 93577 BLOCKS, 47887237 WORDS OFFLINE

163:03 7015 0 1875 CSP FETCH. DN-NRAM.TEXT- NRlJ DAT'.

16 31:09 1017 0 'q76 SC? VAX TO CRAY: '%SYSTEM S NORMAL. normal successful completion

* 16 31 09 10,20 0 186 SC? VAX TO CRAY; FILE-$1$DUAIOT:[HILFER FR2INRIJDAT;8

18 16:09 1022 0 18"6 SCP VAX TO CRAY: 488 BYTES TRANSFERRED

S316 2112 8095 0 1876 SCP 55004 - DATASET RECEIVED FROM FRONT END

16 31:12 968 0 18'8 CSP ACCESS. DN-XRIJ.
16 31 13 0703 0 1878 7DM PDOOO - PDN - XR1J ID ED - 4 OWN HILFER

16 31:13 0706 0 1878 PDM PD000 - ACCESS COMPLETE

16 '1 13 1325 0 1880 CSP XRIJ

IF 1 10 04-1 5 8062 PDM PDO00 PDN - r1J032888 ID ED 1 OWN H KILFER

19 11 19 9472 q 8062 PDM P000 SAVE COMPLETE

16 31 19 9489 5 8062 USER UTOO3 - EXIT CALLED BY RAM2D1C

16l1 19 9540 5 8062 CSP DISPOSE. DN-ERRM.DF-BB.WAITTEXT-+X1j MSG.'.

!8:31.31 1975 5 8064 SOP CRAY TO VAX: %RMS-S-NORMAL. normal successful cOmpletIon

16 1 31 1978 5 8064 SCP CRAY TO VAX: FILE-S1SDUALO7:(HILFER FR2]X1J MSG:3

18 31 31 1982 5 8064 SOP CRAY TO VAX: 51004 BYTES TRANSFERRED

IM'16319 1423 1 A806 CSP ACCESS. DN-DISLIB.ID-DISSPLA.OWN-LIBRARY.

16.31:39 6518 5 8068 PDM PD00 - 7DN - DISLIB ID - DISSPLA ED - O OWN - LIBRARY

16 3139 6520 5 8068 PDM PDO00 ACCESS COMPLETE

16.31.39 6541 5 8071 CS ACCESS. DN-INTLIB.ID-DISSFLA.0WN.LIBRARY.

1 31,40 2745 5 80a72 PDM PDOOO - PDN - INTLIB ID - DISSPLA ED I OWN - LIBRARY

1 31 40 27148 5 80'2 PDM PD000 ACCESS COMPLETE

16"31'40 2768 5 8075 CSP ACCESS. DN-DVSD.ID-DISSPLA.OWN-LIBRARY

18 31 40 5113 5 8075 PDM PDO00 - PDN - DVSD ID - DISSPLA ED - 1 OWN - LIBRARY

l6 31:40 5118 5 8073 PDM PDO00 - ACCESS COMPLETE

1631 40 5132 5 8077 CSP ACCESS. DN-XP1j
16 31 40 1"60 5 801- PDM PD000 - PDN - XP1J ID - ED - 5 OWN - MILFER

16 1 40 '63 9 807 PDM PD000 ACCESS COMPLETE

162140 778 5 8078 CSP FETCH. DN-NPRAMI.TEXT- NPI1. DAT

16:31:45 0963 5 8079 SCP VAX TO CRAY: %SYSTEM-S-NORMAL. normal successful completion

18 31 45 0966 5 8079 SCP VAX TO CRAY: FILE-SSDUA17:[HILFER FR2]NPIJ.DAT:19
16.31.45 0988 5.8079 SCP VAX TO CRAY: 912 BYTES TRANSFERRED

16 31 48 2089 5 8079 SCP SS004 - DATASET RECEIVED FROM FRONT END
16 31 48 4885 5 8081 CSP XPIJ
16*148 9827 5 8l11 PDM PDO00 - PDN - FIJ032888 ID - ED I 1 OWN - HILFER

18:31 48 9640 5 8111 PDM PDO0 - LOCAL DATASET NAME ALREADY IS IN USE
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0I

X1J.CPR

1 -5 32 3542 15 2458 USER JTOC3 EXIT CALLED BY PRAMICD
16 12 "F )r 13 ,2462 USER AUDIT
11 11 -5 81'1 I, 12 4 USER A%',03 64 DATASETS. 9m271 BLOCKS, 48"4i8s W.-RDS

89 72 3125 13 12 0 USER AU5,03 7 DATASETS. 1680 BLOCKS, S281:0 W:RDS NILINE
A I 8 1. 10 1 iA 2 I IER A!JnnI q7 DATASETS Q577 fjLn( XK 4'

9
97O11 W RrC IFFLINE

16 32 22 8198 15 1296 CS? DISPOSE. DN-META.DF-BB.WAIT.TEXT- PLTZ DAT
IA 1: i '716 15 12q8 5;P CRAY TO VAX tRMS-S-NORMAL normal succossful romplelion
i6 iz 19 ID9 13 1298 SC? CRAY TO VAX. FILE.$lIDUA1OT.iHILFER.FRPIFLT2 DAT.3
Ir 12 10 111 OR 1298 SC? CRAY TO VAX 391680 BYTES TRANSFERRED
IC, 22 -' 9142 1 1226 CS? DISPOSE. DN EPRM.DF BB.WAIT.TEXT :.IJ MSG
]A r,,R .qq Iq lion q (7 P CRAY TO VAX' %RMS-S-NORMAL normal vlce-.fflll compl18on
16 32:26 2560 15 1320 SC? CRAY TO VAX: FILE-$ISDUAIO7:[HILFER.FR2X1J MSG.4
16 32 26 1562 15 122" SOP CRAY TO VAX: 24879 BYTES TRANSFERRED
16 72 2- 601- I= 1271 S DISPOSE. DN-DISOUT.DF-BB.WALT.TEXT XIJ DSP
16 32 23 J014 i5 17,3 SOP CRAY TO VAX; &RMS S NCRMAL. normal successful completion
16 ?2 22 ¢C I2 1 3 SCP CRAY TO VAX- FILE SItDUAO'7[HILFER FR2]XIJ DSP:2
16"-2"33 0119 15 1721i SIP CRAY TO VAX: 1004 BYTES TRANSFERRED
16 32 24 -496 15 1302 CSP EXIT
16 32 24 '512 15 1324 CSP END OF JOB
1632:34 7513 i5 1304 CSP
16 32.34 7516 15 1304 CSP
16 32 35 2226 is 1355 USER JOB NAME XlJ
163235 2209 is 1305 USER USER NUMBER - HILFER
16 32 35 2413 15 1305 USER JOB SEQUENCE NUMBER - 34182
i6 32:35 2418 15 1305 USER
16 32.35 2422 15 1305 USER TIME EXECUTING IN CPU - 0000:00:15 1305
16 32 35 2426 is 1326 USER TIME WAITING TO EXECUTE - 0000:0110 4314

0 16 3235 2429 15 1506 USER TIME WAITING FOR I 0 0000:00:13 2222
R 12-2" 2412 15 1108 USER TIME WAITINW IN INPUT QUEUE - 0OOO0:00 0021
16.32.35 2435 15 1306 USER MEMORY "CPU TIME (MWDS'SEC) - 2.74438
1632:35 2438 is 1306 USER MEMORY 1 1 0 WAIT TIME 'MWDSISEC) - 172518
16 32.25 2442 15 1306 USER MINIMUM JOB SIZE (WORDSi 44544
Is 22 75 2445 15 1306 USER MAXIMUM JOB SIZE WORDS, 2288 4
16 32 35 2448 i i0 USER MINIMUM FL 'WORDS 40960
1'72"5 2451 15 1132 - USER MAXIMUM FL 'WORDS, 224256
15 32 35 2454 15 1307 USER MINIMUM JTA (WORDS) 3584
15:32:35 2457 15 1307 USER MAXIMUM JTA iWORDS) 5632
19 22 35 2460 15 1307 USER DISK SECTORS MOVED 3305
le 22 35 2463 15 137 USER DSS SECTORS MOVED 0
16 12 22 24n6 38 15 l20" UER USER 1 0 REQUESTS 915
16-22'5 2469 15 130" USER USER 1 0 SUSPENSIONS 1306
15 32 35 24"3 15 1307 USER OPEN CALLS - 35
16.32:35 2476 15.1307 USER CLOSE CALLS 34
16 32 35 2479 15 1307 USER MEMORY RESIDENT DATASETS - 0
1' 32:35 2482 15 1307 USER TEMPORARY DATASET SECTORS USED 145
16 '2 35 4RM 19 Iq 8 USER PERMANENT DATAqET SECTORS ACCESSED P810

16 3221 2488 15 I508 USER PERMANENT DATASET SECTORS SAVED 145
16 22 35 2491 15 1308 USER SECTORS RECEIVED FROM FRONT END - 2
16532.35 2494 15 1308 USER SECTORS QUEUED TO FRONT END 144
10 32:35 5314 15 1380 USER
16.32 35 531' 15 1380 USER .............................. ...............................
16 22 35 5320 15 1380 USER ' COST TABLE FOR THIS JOB '''
Ir, 52 15 3 i 81 USER JOINAME M 11
18-32"35 5327 15 1282 USER USER IDENT HILFER
16 3235 5330 I 1583 USER BEGAN EXECUTION MON MAR 28. 1988 16.30:55 HOURS
16 3Z 35 5333 15 1384 USER AT A PRIORITY OF -- 3
16 32 2S 5337 15 1585 USER AND JOB CLASS OF DSMALL
1i '2 21 1140 1s 1586 USER 1% 136'89 SECONDS OF CPU TIME 9 8 630 00 HR S 2 65
18 '" 9144 15 1387 USER 2 744818 MEMORYtCPU MWRD qEC, @ t 84 00 HR S C '1
16 32 25 5347 15 1386 USER 1 728561 MEMORY1I 0 IMWRD-SEC, & S 84 00 MR -- $ 0 -4

16 22 2s 351 15 1389 USER 0 003307 I 0 MEGASECTORS MOVED 4 S 84 00 EA S 0 28
16 22 9 53555 15 1390 USER 0 000000 TAPE MOUNTS' ) n 3 EA $ 0 O1
16 32 35 5412 15 1391 USER
16 i2 11 =414 !5 13 1 USER TOTAL C.ST F3R THIS JDB .... 7 1

18 ~ ~ ~ ~ ~ U E 7 e 9 1 l O 'J £ .. . .... .. ............ ., , , , , . .. ..... ,, ,. ............ ,,,,,,,.. . .
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PLT2.DAT (Example B1)

:5 3 jNeC PRR'm[:E-0S I 0 :S INPUT PARAmETERS p.00

* 8 , 1 ftP-0 0 30C C 0000 0000O 000COC 000CC

PEE. - 4000 0. 5000 0.-0000 0.0000
RSMI-- i.0000 I,.0000 0000 J0000 0000W

i .0000 i.0000 i.0000

04 1024 81.Th-I, - 0 SS00 0 SS00 0 SSIC 2 s000 0 000

GAN040Ci0. 5500 Q 0C. 0 5506 v.5500 0.5500,

GIN .90T YOMI-la, 0.140C -0:1400 0 0000 r 0000 0 0000

ft0 .0000 0.0000 ) 000 0.0000 0.0000

ft 9.:-c Y"12--.30 030

0T.0 6-30 oosoo 0.1000 0.1000 0 000C 0.!000 0 :000

105T- 0.3000 0.1000 0.1000 0 1000 0.1000 0. 000O

T.sST z: jot;~0

rlk 40.000
01.43 N .306

'CE

0.000 2- 0.000 .( cOG 0.000.C 0.000 0.300 0.000

0.000 2.000 0.000 0.000 0.OCC~ 0.000 0.00 0.00TTL0NOSIT ~ -0-
000 R 00 0.000 0. 00 0R:JO .000 0.000 0.000 0.000

000 000 02C C000 0.00 0000G G.000 0000w 0.000 208-O61
0.000 01.00 0.000 0.000 0.000 z:.000 0.000 0.000 a. .1
0.00 0.00 0 .00 .000 0.000 0 GG -.000 0.000 0.000
0.000 2000 0.00OG 0.000 r.00w 0.000 a000 0.000

0.000 .O 0 000 .000 L.000 .000 , 0. oo0000 oo
a.000 2.000 0.00 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 000 0.000 0.000 0.000 0.000
0.000 0 00O 0.000 0.300 0.000 0.000 0.000 0.000
3.00C 3.00 0.000 0.000 0.000 0.000 0.000 0.000 1
C. Ow O.000 0 000 0.000 0.000 0.000 0.000 0 000
0.000 2.000 C-.30 GOO 200 0.000 0.000 0.000 0.000
1.0 2.000 0000G 0.000 0.000 0.000 0.000 0.000
1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.300 0. 0 w00 0.000 0.000J0 Q.000 0.000 0.000

0. 3.330C 0.000 0.000 0.000C 0.000 0.000 0.2000
c )-1.0JOC 3 (X 0.000 0. 000 0.00 0.000 0.0Ow

.000: 2 300 0.00 0.000 0.0 0.O00 0 000 0 .000
-0.30 0 300 0.00 0.000 3.0 '.o 0-300 -.000
-rj 30 -0j 30 C 0 0 .000 O000 C.0 0 00 0 000
O 0. C.300 000 0.)00 0.00 0.30 -0300 0.300

C.000 0.z0 0.000 ^.30 .00C 0.000 0.000 c;.000
0.0 z.0 0.0 30 SC 0.cl :L , , 300 0.0 00
)OC 03 3CC 0.30 0 -.33 00 0 )6-0 0 000
000G Z.0Gc 000~ o.oooc -ooo .OO ^-0.00C-------- -----. 000 No00~ .~., .30C 0.000

0.00 0 - 000 0.000 0.000 0.000 0.360 000 0.000
*0* 300 30 DOC0 C :CN 3OOo :;oME03000300G
:.O0C 0.30 0.300 .c 0000 C :.o 3w3 0000

0.00 C.000 0.000 0.00C 0 000 00 C 000 0.000
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PLT2.DAT (Example B1)
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PLT2.DAT (Example BI)

*o 4

20^ X - - P . . - -

C,,
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PLT2.DAT (Example Bi)

- a - ~C'PON~

'4b

..-- N. - : -

'II

222

4w

Mot



PLT2.DAT (Example Bi)I

~ ~ ' -- ~~AN ~JIP: PHF'

100 10 iNEC.aDA O C

IP-[ -)I )COL

0 STA.

. C. - 0 c

~. - - ~.3O .~7

am~~~~ om a bm'VRE AELN
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PLT2.DAT (Example Bi)

0 T. O 1 - -NEFR DSC - -C A :-A.

EYP N -

;A- e

'p7 :N ;R;OT- 68 00

-\ -

L 111111



PLT2.DAT (Example BI)

E I 2Pl $1 7I e . C 'PO.. Wl. 0 3c -

i4

0 0 1 0 3 -, 01 c 3

.151

0,2~s -0 0 . 2 03 .0 -0.2 w 0 C 3. 03 0

-2I'1CN;NVEPS WAVE~Ni~
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PLT2.DAT (Example Bi)

I- STA. SOLIC - INTE~rCp DAS.'C 4<TJAL -C STA.E-O N- 0.3 EX tPON.. -T 8 ao

%H

-1 -02 -0 0 02 01 0 -0.2 -0, 00 01 0 2

0~4..

am1 GM .. 2w wrIe A m

INES IAV -EG

A.W IL

226
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PLT2.DAT (Example B1)

~ ~~L: -PRM~r*j STOKE;-: PmF3,-

0 5TA. SaOLID INTERFRc. DASHE ACTUAL~~~0 0*.N'. 0OC 40.00~~ -

o:j.
C~ P" 0

10 1 11~

I -SA

, -4C.0 EO_0m.< D

.13T S.'1

0q

227
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PLT2.DAT (Example B1)

PAMRN. MF'.r RAM~Rf MA~T. ExC,:PM

4.- CYOIINy - 40.00

- a .0 .

01 ION Ic" .4iRSO 1

MP1 Ex. ,H4:7 *TF-

I 11 0 TA

-,O .. 4 ! - a 40 0 CO , t - .
0

0I~

~~7

A*

INES w~v .E~ : . -
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PLT2.DAT (Example B2)
-i F~ :NPuT PARMTEto ~IST OF NPuT -ARk'r

w -f 2 -FW -01-il-e .3000 0.00CC 3000 3 000 3,0

IfMt 4~ .000 C .00CC -Z2c : 0CC

Mo 4R054IMI-eI- G.0000 2-300C z 000 occ .00

NT * i .0000 :00X0 . 0000

MY4096 RINTil-I01 * .0 5500 0 G 5500 5500 0.5500

I R, 6-0 TI.2 0.0000 0.0000 c00 0.0000 0.M00

ftS - 9.19-10, MI2 -tOOG t.o=

TTWOTIOI 630..00 0. c100 C 0.:000 0.1000

TOST 0.0000 0-1000 0.000w 1000 3.00c o.;000
T.ST 0.1000 "0
-!A 4C.00

:.N 20.000

o - :0.000
'STEP 0.0500

0 * -STA. 0 5A

-iO. HP QE0.30A ExO.,NYP - 2 .ASE 0- .00

INlTEGRAL- 0 2342 G.,2342A

.- M KSO I.M

0~230



PLT2.DAT (Example B2)

PRMRN P.,MP: :NTENS:7' P~rA~ t

2NE~k 2209

-4;ENI0 CM 0,MN51. CI

3..ON . -1 O

14 4,

0*01
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PLT2.DAT (Example B2)

R~rIRNPUMP: T~~5~T ,TT ~PtFIR P',rP:

-0 STA. 
nSA

0~CXPO., NHY'- 2 CAEz- 0.0 00 CEPN.' .Y - :A 30

I I -,7

1 0 T .1 0 S A

1%
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PLT2.DAT (Example B2)

o- EPN. i AE00 E.o. 2j -A[C

-, EGAL 36-I INEP I0-O

4-

I I0 s

014N53 CM Y-1IIE I i

E.0N. . ! . Z 20.00 CON. NHTP Z CAS 2 2G.0

OEPLf--TJOl -6Z. I EPLEUQN- 06 2i.
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PLT2.DAT (Examnple B2)

"PO -HY - 20.00. .

-~EO .Y :-s 2 ~
,-E- 

0 
,VZ - xc.O

77

.ink

-05 57A -0 00

E -PO .

-AA

1% 0,
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PLT2.DAT (Example B2)

* LX"JI. .. P - 3u EtO. N -

-. s

"E- 3t zP V IENINI

..- N: 4,j W -

JI.

-S"N5iO
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PLT2.DAT (Example B2)

-- O WTP-~ 2 -QS 4 r~A-,O -1 - -AS 2, AS1_

-0 S

%'.'

0
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PLT2.DAT (Example B2)

0 5A

0- E' A.5 4030 1 a- EIPON.,Nt - :.5-

GAIN- 280 944'

(. 7
-z'

*L

AtC" 
.08' EG c,- 

iOnR O ~i o

4 
I

Co (P0P4 . ..P - 2 :AE -qo, zAS 3 -1

GAIN-. 301 9638GAN 4S
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PLT2.DAT (Example B32)

S *i N'~E OS.H(D Ac7A. 0 5'.SL3- iNE~C. Y5CE - - -

- 5 L:-NCrO AHE CjL05A
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PLT2.DAT (Example B2)

rXO W:. :AS 40 o -O . wi 5CD

r-IC SO -M 
v2iESO I- -
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XRL3.CPR

?9 D7 40 5855 0 0000 CS?

09 40 5858 0 0000 CSP

09.07:40 5861 0 0000 CSP WELCOME TO THE NRL CRAY XMP

D, 4o' S:883 0 0200 Cs?
9 7 40 8 6 9 0S P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .

P9 49"'0'0 581i ) 0001 CSP T. CRAY ":tIl be navailable Sunday April 24 from 8C ^M "o 4K P
9 4 0 58'4 0 0001 CS " for software testing

29 A,)4 5818 0 :S01 .. ..'. . .. . . . . . .. . . . . . .. . . . . . .

l9 A. 0 5880 0 c001 CSF There vill be no CRAY off line data set recalls on :Oesday or Wednesav

D9 0 c 4 5884 0 0001 CS? mornings betjeen 2 00 AM and -00 AM in order for -,s to per:orn C':EAN:,'P

29 07 40) 88' 0001 CSP runs on our CRAY archive tape library
09 0740 5889 0 0002 CSP . . . . '...............

29'9 40 5915 0 0002 CSP CRAY X MP SERIAL-415 65 NAVAL RESEARCH LABORAT'RY '4 -2 88

D9.0".40 5918 0 0002 CS?
09 01 40 5921 0 0002 CSP CRAY OPERATING SYSTEM COS 1 15 ASSEMBLY DATE '1 '4 88

0 9:07.-0 5924 0 0002 CSP
09 01 40 5927 0 0002 CS?
09:07-40 6021 0 0002 CSP JOB.JN-XR3L.MFL-511000 US-DEFER
.907 40 6378 0 0012 CSP ACCOUNTAC-US- UYW-.APW-
09:07:41 7479 0 1113 USER AC213 - * TOTAL BUDET WARNING LEVEL REACHED FOR THIS ACCOUNT NUMBER

09 07 42 0314 0 1144 USER AUDIT
09:07 54 9445 0 3470 USER AU03 - 214 DATASETS, 22829' BLOCKS. 115795201 WORDS

- 09 0 354 9449 0 3471 USER AU003 - 64 DATASETS. 46406 BLOCKS. 23 44068 WORDS ONLINE
09:01,94 94S4 0 34"2 USER AUOO 150 DATA"!3. 179891 BLOCKS, 92081135 WORDS OFFLINE

09 07!54 9521 0 3473 CS? FETCH. DN-NRAM.TEXT- "1ZL DAT
09:07:Se 3078 0.3474 SCP VAX TO CRAY: ASYSTEM I"O'RMAL. normal sucCessful completion
:09;07,56 3081 0 3474 SC? VAX TO CRAY: FILE$1S$DU..O7:[HILFER.FR2jNR3L.DAT;4

09 0'7 5 3084 C 3474 SCP VAX TO CRAY: 808 BYTES TRANSFERRED
09 08 0O 5 50 0 3474 SOP SS004 DATASET RECEIVED FROM FRONT END
09"08:00 '288 0 34'8 CSP ACCESS. DN-XR3L
09 08.00 9789 0 3476 PDM PD00 - PDN - XR3L ID - ED - I OWN - HILFER
09:08:00,9772 0 3476 PDM PD000 - ACCESS COMPLETE
C9:08.01 0343 0 3478 CS? XR3L.

09 C9 11 1653 60 3756 ABORT AB023 JOB TIME LIMIT EXCEEDED
-9 09 21 6S5 0 3IS6 ABORT ABOOO JOB STEP ABORTED P - 01281306b
19 9S11 1658 80 3756 ABORT ABOCO BASE 13861000 LIMIT 1S225000 CPU NUMBER 01
09 09 11 1881 80 3758 ABORT TROOl - BEGINNING OF TRACEBACK
0909:11 1883 60.3756 ABORT - CFFTP WAS CALLED BY
'90Q9 21 1668 80 3"58 ABORT )WCB) - CFOUR2 AT 1206078b LINE .8)

w9 9 1 1669 80.3758 ABORT tWCB) - DERIV AT 1151416b ,L:NE 12
"? 11 2'4 60 3-56 ABORT WCB) RAM21IC AT 1053354c -LINE 22B8
-9'8 80 5s8 ABORT TR002 END OF TRACEBACK
_q 2 281 80 3758 EXP EXIT
0 .9 11i 2 o 60.3758 CS? END OF JOB

29 09 il L09 80 3157 CSP

:v 09 12 2'21 80 3-51 CSP

2g 39 11 3810 60 3Y58 USER JOB NAME XR3L

-9 1' 814 G0 359 USER USER NUMBER qILFER
19 29 11 3817 60 3758 USER JOB SEQUENCE NUMBER - 40343

029 9 11 3820 60 35S8 USER

:9 ii 3624 60 3158 USER TIME EXECUTING IN CPU - 0000,01 .00 3'58

:9 9 11 3827 60 3158 USER TIME WAITING TO EXECUTE 000000:16 166
0 09 11 3631 60 3759 USER TIME WAITING FOR 1 0 - 0000 00:13 2581

0"9:11 3834 60 3759 USER TIME WAITING IN !NPUT QUEUE - 0000:00:00 0722
2'9 0911 3837 60 3759 USER MEMORY " CPU TIME ,MWDF'SEC - 23 04746
09:09:11 3641 80 3759 USER MEMORY ' I 0 WAIT TIME (MWDS'SEC) 1 84563
0 '39 09 11 3844 80 3759 USER MINIMUM JOB SIZE twORDS, - 44544

9 2911 364' 80 3759 USER MAXIMUM JOB SIZE (WORDS, 383488
"Q9 .i 3851 80 3780 USER MINIMUM FL (WORDS) - 40960

19 3654 80 3780 USER MAXIMUM FL (WORDS) 378880
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XRL3.CPR

io: 13 658 a - 3 -10 U S BR m 4 It 'TA -tZ 3564
09 0~0~ 3661 60 3-60 USER NAX'MUM -jA S 4008

09 >0 2 364 60 3-50 U SER LISK SECTRS . 'VED

11 61 0 -6) USER USER r 0 RxUESTS -4"

09 D9:2. 3674 60 3760 USER USER 1 0 SUSFE4SiONS - 1163

09 09 J. 26" 60 2"o0 USER "PEN CALLS 20

)9 2i 3681 60 15,D SER CLOSE CALLS - 18

-9' 9 2, 3684 60 260 US ER MEMORY RESIDENT T)ATASETS -

-9. 99:11 368' 660316, USER TEMPORARY DATASZT SECTORS USED -
"0 fl 'Bgl 6 0 2761 u'sER PERMANENT DATASET SECTORS ACCESSED 1594

09 0 9:11 3694 60 2781 USER PERMANENT DATASET SECTORS SAVED - a
0092. 389' 60 2"61 USER SECTORS RECEIVED FROM FRONT END - I

09.9:2. 31"i 60 3-61 USER SECTORS ;UEUED ZO FRONT END a

9 09 1i 664 60 383" USER
0909 1 6606 60 32" US.ER

09:09'11 6010 A0 381 USER '" COST TABLE FOR THIS JOB
09:09: 1. 6613 60 3839 USER JOBNAHE ----------- X'RIL

09 09 2 1 661" 0 3840 USER USER IDENT . ......... HILFER
:9 09 ii 6652 60 3841 USER BEGAN EXECUTION .... THU APR 21. 1988 09.07.40 HOURS

09 ^9 ii 0624 6.' 3842 USER AT A PRIORITY OF 3

0 9 191 13 6' 8 '0 S6~ 4" SER-T AN:) VOE CL.ASS OF '-SMALL
09 09 1 6071 60, 3844 USER 60 382310 SECONDS ,OF CPU TIME i 1 830.00 HR -- S 10 7

09 09:11 6721 60 3845 USER 23.0 4894 HEMORVYCPU (MWRD-SEC) 4 5 84.00 Hs -- 0 54
09:-911 0725 2 0 3846 USER 1 847957 HEMORY'l 0 MWRfD-SEC) i $ 84.00 9R -- -)04

29 09 2. 6728 60 2848 USER 0 002-71 1 0 NEGASECrORS mOVED i t 84 00 EA -- S 0 23
9 29 2 041 60 3849 USER 0 0000 TAPE MSUNT S) 1 5.00 EA 00

2g.D9 8"47 60 3850 USER '.'' TOTAL COST FOR THIS JOB '''" -- $ I1 38
9 D9:11 6750 00 3850 USER ........... ... ... .................... ..
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XPL3.CPR

09 10 3 325 0 000 OSP WELCOME TO THE NAL CRAY XMP

09:10 53 3255 0 0000 CS?

9 1' *53 3258 D Y001 CS ..

09 10 53 3260 CSP The CRAY will be Unavailable Sanday April 24 from 8 00 A M to 4.00 P M

D910 53 3263 D 2000 CS!p for software testing9 l 33 266 ?S I CS .. .'' ''''... ................................. .'..........................
S9>03 3286 D00 CS?

D9 10-53 3268 0001 CS? There Will be no CRAY off-line data set recalls on uesdav or W-dnasdav

09:10:53 3271 ZOCO CSP mornings between 2:00 AM and 7:00 AM in order for us to perform CLEANUP

09-10,53 3213 0 0001 CS? runs on our CRAY archive tape library

09' 1 10 3 3278 '0001 CS!'. . . . .. .. . . . . . . . .. . . . . . . . . . . . . . .

:900 53 3303 0 >02 CSP CRAY X HP SERIAL 415 65 NAVAL RESEARCH LABORATORY 04 20 88

09 '.0 5 iC6 772 :SP

09:0 53 7309 1 2902 CS CRAY OPERATING SYSTEM COS 1 iS ASSEMBLY DATE ?1 '4 88

09 1053 3312 0 0002 CS!
09.13 53 3310 3.0002 CSP
09:10 53 4910 0 0002 CS! JOB.JN-XP3L.MFL-511000.US-DEFER

09 10:53 9945 D 0003 CS! ACCOUNT.AC-US-.UPW-.APW-
09 1C 55 C82T C 1>09 USER AC213 " TOTAL BUDGET WARNING LEVEL REACHED FOR THIS ACCOUNT NUMBER

09 0S55 8605 0 102" USER AUDIT

09:00.10 '238 0.3403 USER AU003 - 214 DATASETS. 226297 BLOCKS. 115795201 WORDS
9 1 1 7242 C 3404 USER AU003 - 64 DATASETS. 46406 BLOCKS. e3744066 WORDS ONLINE

9 01.1 246 D 3405 USER AUOO3 - 150 DATASETS. 179891 BLOCKS. 92051135 WORDS OFFLINE

*9 111 10 '326 '0 3409 CS ACCESS. DN-DrSLIB ZD-OISSPLA,OWN-LIBRARY
09>0>0 0174 0 3409 PDM !D000 - PDN - DISLIB ID - DISSPLA ED - I OWN LIBRARY

0 1 0178 C 3409 PDM PDO00 - ACCESS COMPLETE

C9:>0 >0i 0195 -0,3412 CS! ACCESS. DN-INTL.B.D-DISSPLA.0WN-LIBRARY.
091.11 25' 0 3413 PDM PD000 - PD - INTLIB ID - DISSPLA ED - I OWN - LIBRARY
09 10.>0 25-2 0 34i3 PX PDC0 ACCESS COMPLETE
09 11.lii 2590 34i16 :S? ACCESS. DN-DVSDID-DISSPLA.OWN-LIBRARY.
09 11 4937 341, PDM PD000 PDN - DVSD ID * DISSPLA ED - 1 OWN - LIBRARY
09.11.11 4939 0 3417 PDM PD000 - ACCESS COMPLETE dA

09.-1,0 4956 0 3418 CS ACCESS. DN-XPSL.
0911:01 1657 0 3419 PD !D000 - PDN - XP3L ID - ED - 1 OWN - HILFER
09.>0:>1 7659 7 4i9 PDM !L00 - ACCESS COMPLETE
09 00 01 '675 0 3419 7S? FETCH. DN-NP!RAM1.TEXT- NP3L.DAT
09 11 i3 9189 0 3421 SC ',AX TO CRAY: %SYSTEM S-NORMAL. normal successful completion
0911'1 3 9172 0 1421 SC'P VAX TO CRAY: FILET-IIDUAIO7:MItLFER FR2]NP3L.DAT:5
09:11:13 9176 0 3421 SC' VAX TO CRAY: 1880 BYTES TRANSFMRED

09:11:8 3138 D 3421 SC!P SS004 - DATASET RECEIVED FROM FRONT END
09 11.18 5569 3422 SP XP3L

9 2 0880 0 489 FzM PDOOO PDN - P3L042188 ID - ED - I OWN - HILFER
:9 1' 20 .683 1 3489 PDO PD009 DATASET NOT FOUND
'9 1120 1707 0 3491 USER 10054 - ATTEMPT TO BACKUP FROM BOD
09:11:20.'1712 0 3493 USER SLO10 - READ F3L421 READ PAST END OF DATA
09:11:20.1715 0 3493 USER TBOCI - BEGINNING OF TRACEBACK

09.11:20 1718 D 3493 USER - STRBK WAS CALLED BY SLERP% AT 1137553a
09 11.20 .121 3493 USER SLERP" WAS CALLED BY SRWDP AT 1136510a
-9 1. 2C 1-25 C494 USER SRWDP WAS CALLED BY IRU'V AT 1100165a
09"11 20 1128 ^ 3494 USER 1RUV WAS CALLED BY PRAMlCD AT 102429a'LINE NUMBER 144'
09:11.20 1731 0 3494 USER T3002 END OF TRACEBACK
09 11:20 !138 0 3494 ABORT A3OS - USER PROGRAM RE9UESTED ABORT
09.11.20.1739 0.3494 ABORT ABOOO - JOB STEP ABORTED. P - 01137560b
09 1. 20 1741 0 3494 ABORT ABOOO - BASE 07703000 LIMIT 11226000 CPU NUMBER 00
09 >0 30 1748 0 3494 EXP EXIT
091'0 118- 0 3494 CSP END OF JOB
09 00.20 1768 0 3495 CS
0)9 0120 0"O 0 3495 CSP
';9020 35C 0 3498 USER JOB NAME XF3L
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XPL3.CPR

2T so 35 1 3 ?496 U E7 USER NUMBER 7 PER

-9 11 2C 2513 340r USER JOB SEOUENCE NUMBER 4039

39 11:2C 3516 D 3496 USER

09:.1120 3519 3 3496 USER :ME EXECUTING IN CPU - 0000:;0:00.3496

39 11:2i 3522 .' 3496 USER TIME WAITING TO EXECUTE - 000C 00:14 1034

'9 11.23 3525 3496 USER T:ME WAIT:NG FOR I 3 30330:12 3816

D9 1, 23 3528 3 349' USER TIME WAITING IN :NPUT QUEUE - O0 oo:oo 0068

'9112' 3 77 2  0 340" USER MEMORY CPU TIME MWDS'SEC0 -02912

9 11 20 3 35 3 3497 USER MEMORY I 0 WAIT TIME *MWDS'SEC, - 1 5016
9 11.20 3538 3 349' USER MINIMUM JOB SIZE WORDS) 44544

,39:11.20 3541 0 3497 USER MAXIMUM JOB SIZE (WORDS, - 374784

09 11:20 3544 0 3497 USER MINIMUM FL ,WORDS) - 40960

39 11 20 354' ) 349' USER MAXIMUM FL ,WORDS , 3701'S

39 11:20 3553 3497 USER MINIMUM JTA WORDS) 35384

)9:11.20 3553 0 3498 USER MAXIMUM JTA (WORDS) 4608

'9:11:20 3556 0 3498 USER DISK SECTORS MOVED 1888

)9:11.20 3559 3 3498 USER ESS SECTORS MOVED 0

09:11:20 3562 3 3498 USER USER 1 0 REQUESTS - 733

0911.20 3566 3 3498 USER USER I 0 SUSPENSIONS 956

0 9:11 20 3569 0 3498 USER OPEN CALLS 20
09 1120 3572 ' 3408 USER CLO'SE CALLS - 18

09:11:20 3575 C 3498 USER MEMORY RESIDENT DATASETS - 0
09:11:20 3580 3 3498 USER TEMPORARY DATASET SECTORS USED - 0

. 39.112.0 3839 3 349 USER PERMANENT DATASET SECTORS ACCESSED - 2488

0911:20 3642 0 j498 USER PERMANENT DATASET SECTORS SAVED - 0

09:11:20 3645 0 3498 USER SECTORS RECEIVED FROM FRONT END - 1

09:11-20 3M48 1 3498 USER SECTORS QUEUED TO FRONT END - 0

09:11:20 6494 0 3512 USER

09 1,120 6500 2 3513 USER .. COST TABLE FOR THIS JOB ...

C911:20 6503 3 35v' USER JBNAME XP3L

09:11:20 650' 0 3515 USER USER IDENT --- -- HILFER

09:11:20 0510 0 3576 USER BEGAN EXECUTION ---- THU APR 21. 1988 09:10:52 HOURS

C9:11:20 6514 C 3571 USER AT A PRIORITY OF 3

09:11:20 6517 3 35'8 USER AND JOB CLASS OF DSMALL

09:11.20 6521 3 35-9 USER 0,355991 SECONDS OF CPU TIME 4 $ 630 00 MR S 0 06

09 11.20 8525 ) 3580 USER 0 030138 MEMORY'CPU MWRD-SEC) S $ 84 00 HR - S O 0
09:11-20 5529 3 3581 ISER I 50389q MEMORY-I 0 (MWRD SEC) a S 84 00 MR 0 0 04

09:11:20 8533 0 3582 USER 0 001890 I 0 MEGASECTORS MOVED 4 S 84 00 EA - $ 0 16

09:11:20 6536 0 3584 USER 0.000000 TAPE MOUNT(S) j 8 5.00 EA -- $ 0 00

39:11.20 6540 D 3555 USER

39 11 20 6542 3585 USER TOTAL COST FOR THIS JOB S 3 26

39 .1 23 5 45 7 3981 USER ... ........................ .... ................................
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$FLDATENPL3.DAT

0 DONYET=1,
MONTH=03,
DAY=30,

V YEAR=88,
IPART=2,
NEDN=1,

$ CONDAT
LPRMT( 1)=1,
LPRMT( 2)=1,
LPRMT( 3)=1,
LPRMT( 4)=0,
NSEC=3,
CSEC( 1,2 =1. 0,2. 0),
CSEC( 1,2 )=( 2.0,2. 0),
CSEC(1,3)=( 3.0,2.0),
CSEC( 2, 1)=( 1. 0,2. 0),1

CSEC(2,3)=I 3.0,2.0),
CSEC( 4,)1(. 0,2. 0),

CSEC(4,2)=(2.0,2.0),

CSEC(4,3)=( 3.0,2.0),
CSEC(5,1)=(1.0,2.0),
CSEC( 5,2 )=( 2.0,2.0),

* CSEC(5,3)=( 3.0,2.0),
CSEC(7,1)=(1.0,2.0),
CSEC( 7,2 )=( 2.0,2.0),
CSEC(7,3)=(I3.0,2.0),
CSEC(8,2 )=(1. 0,2. 0)
CSEC(8,2)=(2.0,2.0),
CSEC(8,3).=(3.0,2.0),
CSEC(10,1)=(1.0,2.0),
CSEC(10,2)=(2.0,2.0),
CSEC( 10, 3)=( 3. 0,2 .0),
CSEC(11,1)=(1.0,2.0),
CSEC( 11, 2)=( 2. 0,2 .0),
CSEC(11,3)=(3.0,2.0),
CSEC(13,1)=(1.0,2.0),

* CSEC(13,2)=(2.0,2.0),
CSEC( 13 ,3)=( 3. 0,2.0),

* CSEC(14,1)=(1.0,2.0),
* CSEC(14,2)=(2.0,2.0),

CSEC(14,3)=( 3.0,2.0),
CSEC(16,1)=(1.0,2.0),
CSEC(16,2)=(2.0,2.0),

* CSEC( 16, 3)=( 3.0,2.0),
CSEC(17,1)=(1.0,2.0),
CSEC(17,2)=(2.0,2.0),
CSEC(17,3)=(3.0,2.0),

$ZPLOT
* KZ (1) =1,

KZ( 2)=21,
KZ(3)=3, 244
KZ (4) =4,
KZ( 5)=5,
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NRL3 .DAT

$NAML
NPUMP=4,
YM( 1)= 1.0,
YM( 2)=1 .0,
YOFF(1)=-0.5,
YOFF(2)=-0.25,
YOFF( 3)=0.25,
YOFF( 4)=0. 5,
RIST=1. OE- 12,
NHYP=2,
RABAMP(1)=O.0,
RABAMP (2 )=0 0,
RABAMP (3) =1.0,
RDSLIM (1)=0.0,
RDSLIM(2)=2-.0,
RDSLIM(3)=2.0,
ICOND=4,
ZFINAL=40.0,
ZKEEP=10.0,
GAIN=0 .4,

NAMELIST/NAML/NPUMP,YM,TM,ZIN4T,RKP,RKS,YOFF,TOFF,YWIDTH,TWIDTH,
1 YOST,TOST,YWST,TWST,RINT,RIST,RAMASN,RALASM,NHYP,PHL,PHST,TOC,
2 ITYPE,ETYPE,RABAMP,RDSLIM,ICOND,ZSTEP,ZFINAL,ZKEEP,NMAX,TTWQ,GAIN
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XRL3.JOB

AUDIT.
FETCH, DN=-NRAM,TEXT='NR3L.DAT'.
ACCESS, DN-XR3L.
XR3L.
DISPOSE, DN=ERRM,DFBB,WAIT,TEXT=IXR3L.SG.'.
AUDIT.
EXIT.

0
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XPL3.JOB

AUDIT.
ACCESS, DN=DISLIB, ID=DISSPLA,OWN=LIBRARY.
ACCESS, DN=INTLIB, ID=DISSPLA,OWN=LIBRARY.
ACCESS, DN=DVSD, ID=DISSPLA, OWN=LIBRARY.
ACCESS, DN=XP3L.
FETCH, DN=NPRAM1,TEXT='NP3L.DAT'.
XP3L.
AUDIT.
DISPOSE, DN=META,DF=BB,WAIT,TEXT='PLT2.DAT'.

4DISPOSE, DN=EPRM,DF=BB,WAIT,TEXT='XP3L.MSG.'.
DISPOSE, DN=DISOUT, DF=BB,WAIT,TEXT='XP3L.DSP.'.
EXIT.
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APPENDIX C 2-D Operation; Examples

One example is presented to illustrate the output of the codes RAM2D1 and

PRAM1 in two-dimensional simulations.

EXAMPLE C

0



PLT2.DAT (Example C)

.IST OF INuT ME[ LIST OF 1NPuT C PETE5 CONTC

CONG - 2 5 l - II ": -i -. .

I 5HM . I PHL,1-101 0.0000 0.0000 0.3CGG .2000 0.0000
NOEC - 3 0.0000 0.0000 0.00C 2.2000 000

NHyP - 8 INT:I-10i - 0.0800 0.0800 0.5520 c. C X :.0SooNl - 4000 0.5500 0.5500 0.550C 0.5500 3J.550C

NPUMP - 2 TH,21 -100.00 100.00
NT 128 TOFFII-LOI 0.0000 0.0000 0.000 0.Oooc C.3000

N 51, 0.0000 0.0000 0.2000 0.-000 0.000
GPIN 3.0000 TwIOTH 40.000 40.000 40.000 40.000 40.200
P.ST l CO0O 40.000 40.000 40.000 40.000 40.000
PLA5M 5.0000 OFFi1-10i - 0.1400-0.1400 0.0000 0.0000 0.0000
PAM45M- 1.5000 0.0000 0.0000 0.0000 0.0000 0.0000Rl! 5T - 0.0002 TM[I.21 .- 0.5000 0.5000

*P :
.
:B00

t
0 twIOTH 0.1000 0,1000 0.1000 0.1000 0.1000

RI5 g1893. 0.1000 0.1000 0.1000 0.1000 0.1000
7-, - zn o' T? - .000
T25T -40.000
T7O- 633.00

p TLT - 40.000
's T 0.0000

OI2 0.1000
AT 40.000

:KEEP 1.0000

ZSTEP - 0.0500

.1ST I
r 

:NPuT F EA-ITEFT ;CON7C, LIST OF OuTPUT PAAPITCPS

CSEC 1L9,1-81 -
8:888 888 8:888 8888 8.88 8 888 8:888 8:888 " TOTAL INTENSITY o

p.888 8. 88 8.888 8.888 8:888 8.888 8:888 8.888 i 2..,o0 6.0'

8:888 8-888 8:888 8:888 8:888 8:888 8:888 8:888 . 2.,o 6.0'

8:888 6:888 8:88 8:888 8:888 8:888 8:888 8:888
8:888 8:888 8:888 8:888 8:888 8:888 8:888 8:888
8:888 q888 8:888 8:888 8:888 8:888 8:888 8:888
.-888 6,888 8:888 8:888 8:888 8:888 8:888 8:888

8:888 8:888 8:888 8:888 8:888 8:888 8:888 8:888
8:888 8:888 8:888 8:888 8:888 8:888 8:888 8:888
888 8:-88 8:888 8:888 8:888 8:888 8:888 8:888

;g8 £:-88 8 8:888 8:888 8:888 8:888 8:888
J.- 8:888 8:888 8 :888 q:- 88 8:888 8888" :'833 :88 8:888 8 :88 8:188 88888-8 :888 8:88 8:888 : :888 8: 88 8:888

888:888 :88 :88 :88 8:888 8:888

%: 888 8:8 8:88 :888 3:888 8:888 8:188:88 : 888 8:8 8:88 8: 8:188 8:888 8:988
88  :88 8:888 H8: 8 8888888 8:888
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PLT2.DAT (Example C)

IT - - C

rU

C-S

9s
m gtO-EONS -o s o o

*-ICSO ICl

____ ___ ___ ___ ___ ____ ___ ___ ___ ___ 4 _ ___ ___ ___ ___ ____ ___ ___ ___ ___ ___

7:; -o
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PLT2.DAT (Example C)

T:M *;OSEO~ r-C!CNS;ON CM C

A A

VC NvRE--C-4T
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PLT2.DAT (Example C)

' ' . " , . -' : I -Z' -I-.  ' " ', " . :" : I,.- '.! . --- I

I

}.I

= --
6 4'
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PLT2.DAT (Example C)

Tm OICG-5C---ONCS

V

zz;

to

.253

.1~1

_5- 
-

-=,

.253
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PLT2.DAT (Example C)

X- so

.7,
o

25

#I: Il



* PLT2.DAT (Example C)

D - C X.--.

5.8

-VP5 WAV -EN-" TIME PIC - . -.2" OPT - .

0

-,-'C.* 0-°

6-) .-o - '.o :- ooo ~

- *% -.2

-r,, ; ,,'; ( , !CO-SECONOS,

*25



PLT2.DAT (Example C)

A Z-

13~ 009

71E IC-SCC
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PLT2.DAT (Example C)

II

zgal

-ZI~o~3N C~9TIME (PICO-SECONDS)

- 0 20.00

N.1s .01wv1_[0
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PLT2.DAT (Example C)

I :PNSTENT RAMAN: MPTEPIRL E(C :TT N ~~TE2:'

20.00

'Ice

TP -pclSCNS -0o -0 coo0

! (~N EPSE wv ..C4GTH Cm

It~i -259



PLT2.DAT (Example C)

D EO- lNYAP!AtT AT :-0

m 4-3

-z . ~IE -IZOSE: CsP5

260
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40

Eso

DIM

=0 3 3X. 30.0 - 3C :C
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PLT2.DAT (Example C)

-. C 4

0M

:-01MEWON T! IPICO-SECOCSi

'IEP'ISEOO

26

C A
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PLT2.DAT (Example C)

-I-

Siil
300 - - .

4r7 7-- :OI:C: -P ?: TE.R

LN

-326.

0[



PLT2.DAT (Example C)

- vo AT I-

FX.i

-0 -3 0. w S3.0S

~ Z~' ITIME PICO-SCOWES,

6" imIAO i -

zBF.;
264

SII1.IR l k

L>'



PLT2.DAT (Example C)

eP N- N ; R :Pm 7 .: R
Ac. O,

71 i

x 0 W
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PLT2.DAT (Examplde C)

- 4C.)X . oc 4 D
TOT INT 6.6610T"

oI am

,!M . P CO-SL3 NS. :NVEPSE WAVE LENGTM F 1 CM,

40.00 7 '.c1.cJ
7

%

%'

c:,c I[SJN 1C
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PLT2.DAT (Example C)

II

T-EPC-SCN~ INVREWV LNT '

N-v RN A7] :0
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PLT2.DAT (Example C)

2 ~'P ~ K

P -a-

* a

i

Si

T~( P
0

-$U~OS

*

d
"S

555$
-p

*
.55,
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Si
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APPENDIX D Special Versions of the Codes

It shall be mentioned that several special versions of the presented two programs

RAM2D1 and PRAMI exist. As was mentioned in section IV.B.5, the code RAM2D1C

described in this manual is paralleled by the code RAM2D1D. The D version differs

from the C version in that it does not keep the field arrays in memory during execution
of the program, but ships them in from and out to storage disk as needed.IThe versions A and B of RAM2D1 are the same as versions C anei D in function,
but different in form. They are adapted for use under the CTSS operating system
as installed in the National Magnetic Fusion Energy Computing Center (NMFECC)
at the Lawrence Livermore National Laboratory (LLNL), CA, where the code wasI implemented first. The A and B version take the CIVIC FORTRAN compiler while
the C and D versions ought to be compiled by the CFT compiler.

L'. Since the data from either RAM2D1A or RAM2D1B have the same format, one

' version of the diagnostic program PRAM1 is sufficient. This is called PRAMlAB.

In connection with the theoretical studies just mentioned, several special adaptations

* of PRAM1AB span off. These are PRAM1A, PRAM1B, PRAM1C, PRAM1D, and
PRAM1E. The output data files from the NRL-based RAM2D1C and RAM2D1D are

also identical in form and are diagnosed with PRAM1CD which is described in this
"" manual.

A special version of RAM2D1A is called RMS1DT which is basically identical
with RAM2D1A, but contains an additional block of code that is executed when the

program runs in the one-dimensional transient limit. In this limit, an extra output file
with time history data on the fields is created. This version was used for obtaining

comparison with the results of a theory pertinent to strong pump depletion developed
- by the authors. The associate diagnostic program of RMSIDT is PRAMlE which plots

the number of depletion holes in the pump and the ratio of initial to final pump energy.
,-., An expanded version of PRSE is PR1ENL which calculates and plots also other aspects

-. of the analytical theory.
2
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!,-.:"Application of Lie methods to autonomous Hamiltonian perturbations of the Korteweg-
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0 APPLICATION OF LIE METHODS TO
AUTONOMOUS HAMILTONIAN PERTURBATIONS OF

THE KORTEWEG-DE VRIES EQUATION:
SECOND ORDER CALCULATION

C.R. Menyuk
Department of Electrical Engineering

University of Maryland
Catonsville, MD 21228

and
College Park, MD 20742

USA

ABSTRACT

The Lie perturbation method of Hori and Deprit is a practical method for
.' -. determining the evolution of nearly integrable finite-dimensional Hamilto-

nian systems. I show how to extend this approach to small, autonomous
Hamiltonian perturbations of the Korteweg-de Vries equation. Explicit
second order calculations are carried out in some simple cases where the
initial data contains a single solitary wave and a small amount of radiation.
We show explicitly that a solitary wave will emerge from the initial data
through second order. This approach can be extended to arbitrarily high
order.

I. INTRODUCTION

Nonlinear wave equations which can be integrated using spectral methods are
quite special. Nonetheless, they play an important role in physics and have been
used to model a wide variety of phenomena. Generally, these equations are derived
by making a small parameter expansion of the underlying physical equations. At
zeroth order, one obtains the linear equation. Moving into the wave frame, one

*obtains the integrable wave equation at first order. If this process is continued
to higher order, one obtains corrections which in general destroy the equation's

integrabilityll4l. The two most experimentally important examples which lead to
the Kortweg-de Vries equation are water waves in channels1,5,6 and ion acoustic
waves in pla.smasl 2.iL. In the first case, the underlying physical equation is Euler's
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equation with appropriate boundary conditions, and small parameters include d/h,

the height of the pulse divided by the height of the channel, and h/l, the height

of the channel divided by the length of the pulse. In the second case, the under-

lying equations are the two fluid equations with inertia-less electrons and constant

temperatures. Small parameters include bn/n, the size of the ion density pulse di-

vided by the undisturbed ion density, and Ti/T,, the ratio of the ion and electron

temperatures.

Cw~ Experimentally, one finds that these small parameters can be quite large, as

large as 0.3-0.4 using standard normalizations, and solitons (or more precisely soli-

tary waves) are seen to emerge from an initial pulse just as if the system was inte-

grable; however, their widths and velocities are related to their heights somewhat
differently than in the Korteweg-de Vries equation[5-81. By contrast, relatively

small dissipative perturbations--or perturbations that vary in space and time-are

sufficient to destroy the integrable-appearing behavior.

In the past I have tried to provide qualitative insight into this behavior by show-

ing that the higher order corrections yield Hamiltonian perturbations that do not

vary in space and time 3 ' 1, i.e. autonomous Hamiltonian perturbations, and that

under certain conditions, which the experiments reproduce reasonably well, solitary

waves emerge to all orders in the small parameters[' - l2. There are important re-

strictions: First, an asymptotic theory in which secularities are removed order by

order can only be carried out once the solitons corresponding to the poles of the

spectral data are well-separated. Previous to this separation, the solitary waves

interact and continuum radiation and even new solitary waves can be produced.

By reducing the perturbation strength, the amplitudes of any new solitary waves

produced and their number can be bounded. A second restriction is that the theory

in its present form is non-uniform in x, the coordinate space. As a consequence,

the possibility cannot be ruled out that a portion of the continuum "to all orders"

might actually be a low, broad solitary wave "beyond all orders." The converse also

[ $holds. A third restriction is that we consider initial data which falls off faster than

some exponential as z - oo and which is analytic in some strip surrounding the

%real axis in complex z-space.

Despite these restrictions, it is my hope that this perturbative approach will

prove quantitatively useful in the long run. While it is simpler to determine solitary

wave solutions by looking for stationary solutions of the equations, such an approach

does not allow one to determine the amplitude(s) of the solitary wave(s) which will

0
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* ultimately emerge from given initial data. The approach presented here does.

In this work, I will be concentrating on the experimentally important case where
the initial data contains only a single solitary wave, or, more precisely, only a single
pole in the transmission data. We thus avoid any problems related to solitary wave
interactions. I will be using a Hamiltonian approach, specifically the Lie approach

than a mere general approach such as that of Karpman and Maslov[l
1] or Kaup and

* .~Newell [I"], because it allows one to concentrate in a natural way on the autonomous
Hamiltonian systems and obtain results which only apply to them. I use the Lie
approach rather than the Poincari-von Zeipel approach because the Lie approach is
now generally considered the simpler of the two to use [171 .

I will be concentrating in this paper on perturbed Hamiltonians of the form

H[u]-- Ho[u] + cH [u], (1)

where

HO[u1 = dx( 3 + U;

Hl[u] fC xu,(2)

with p = 2, 3, 4 and 5. Using the Poisson bracket

[F, G =J dx ( 6G (3)

we find
we = [u, HJ = 6uu - ,,,z + p(p - 1)u,- 2 , (4)

.which is just the Korteweg-de Vries equation with a small perturbation. The case
p = 2 corresponds to a Gallilean transformation; the case p = 3 corresponds to
a change in the nonlinear coefficient of the Kortweg-de Vries equation; and the

Scase p = 4 corresponds to a Miura transformation. The case p = 5 produces a
non-integrable system. For these relatively simple examp'._, I will calculate the
perturbed Hramiltonian through second order, as well as the perturbed potential uthrough first order.

% In previous work, I have studied other simple examples, but only through first
orderl e1 l. My motivation for carrying out explicit second order calculations is that
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some of my colleagues, notably Yuji Kodama, felt that this calculation would be

very useful in clarifying the basic structure of the theory by showing in detail how to

avoid secularities, as must be done in any Hamiltonian theory. One must divide the

Hamiltonian between its coordinate-independent and coordinate-dependent pieces

and group the former with the zero-order Hamiltonian at each order. The first

non-trivial order at which this separation must be carried out is second order.

In previous work I have primarily employed Hamiltonian perturbation theory

to show, with the limitations described earlier, that solitons emerge from arbitrary

initial data to all orders in the small parameter for a large class of Hamiltonian

perturbations 1 . The goal was to obtain insight into the experimentally ob- N

served robustness of solitons[5 8.. In this respect my work was motivated by Martin

Kruskal's classic study of the theory of adiabatic invariants[181 , and, in my opinion, 0
the approach and conclusions are conceptually similar. Nonetheless, it is my hope

that this approach will ultimately prove useful in carrying out detailed quantitative

comparisons between theory and experiment, much as it has proved useful in the

study of satellite orbits about the Earth [ ",")4 , and particle motion in accelerators [ 7.
In order for the theory to be useful in this regard, one must be comparing to exper-

iments where the perturbations are quite small, the distances quite large, and the

measurements quite precise. While experiments modelled by field equations do not

seem to fulfill these conditions at present. It is my belief that they wili do so within

the next twenty years.

The remainder of this paper is organized as follows: In Section II, we specify the

action-angle transformation from u(z) to [p(k), q(k),pot, q.], the canonical variables

which evolve linearly in time. In Section III, we show how to write the Hamiltoniin -

in terms of the canonical variables. In Section IV, we show how to obtain the lowest _ .

order Lie generator and discuss the problem of small denominators. Section V con-

tains the explicit calculation of the second order perturbed Hamiltonian and includes
the determination of the second order Lie generator. In Section VI, we calculate the

first order potential. Section VII contains the conclusions and acknowledgments.

I. ACTION-ANGLE TRANSFORMATION 0

Before I can apply Hamiltonian methods to the perturbed system, I must de-

termine action-angle variables for the underlying integrable system. Quite generally, (N.

TA
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we may write the original coordinates as u, where u = uj in a system with a discrete

number of independent variables and u = u(z) in a system with an uncountably

infinite number of degrees-of-freedom. We are interested here in the latter case. We

are searching for an invertible transformation of the form

U 4 (J , ), ( 5)

where J and 8 represent the ensemble of action and angle variables; in general, J and

0 can have both uncountably infinite and discrete components. The set of variables

J and 0 should be canonically related to each other, and the Hamiltonian should

only depend on the action variables J.

The equations of motion in terms of these new variables is trivially integrable.

',. Writing fn for the ensemble of frequency variables, i.e.

f1- = dH[J]/OJ, and O(k) = aH[J]/aJ(k), (6)

for the discrete and continuous components, it follows that

J = Jo,-* (7)

= 00± f+t,

where Jo and 0o represent the ensemble of initial conditions. At any time, we

may determine u(z) by inverting the action-angle transformation. This situation

is shown schematically in Fig. 1. If we take the direct, left-hand path shown as a

dashed arrow and integrate the equations of motion using a computer, it is gen-

erally necessary to take many small time steps. By contrast, if one integrates the

equations of motion using the solid, t1ree-sided path, one can carry out the time

integration in one fell swoop. Hence, no matter how complicated the backward and

forward transformations, one always "wins" using the three-sided approach over a

sufficiently long time interval. I note that this notion of "winning," while useful, is

not precise, something which can also be said of the notion of integrable systems.

V.' For linear, infinite-dimensional systems, the three-sided path represents Fourier in-

* tegration; for nonlinear, infinite-dimensional systems, it represents an analogous

nonlinear transformation.

The appropriate action-angle transformation when the underlying integrable

system is the Korteweg-de Vries equation, was first found by Zakharov and Fadeev [19 1.

They begin by making the spectral transformation1 9 1

*'. ': u(z) --. Ir~k), ;, c.,, (8)
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u"o) Action-Angle Transformu(o) ch [Jo)=Jo, e(o}=eo]

IUt

u 4 Inverse A-A Transform

[J(t)=Jo, e(t)=eO+Qt]

FIGURE 1. Schematic illustration of the way in which an action-angle transform

and its inverse can be used to solve the equations of motion of a completely integrable
system.

* and then converting these variables into the appropriate action-angle form. I will

make a slightly different choice of variables from theirs which proves to be useful

in what follows. Concentrating on the case where the initial data contains a single

soliton, my choice is
p (k) 2 k ln[l- r(k)r (-k)),,p(k) = - i-

7r
~1

,(k) =- nk(k)/,C-k)]
•z (9)

-'4 3

Pr 3 = In,

where the subscript a indicates the single soliton. The Hamiltonian becomes

_o dk, kap(k) - 1 (10)~~o5.2 / =

%= which depends only the action variables, and the Poisson bracket becomes

[.FG dk OF OG OF OG

-' 
1,(k) ap(k) Op(k) a-(k)

;aF aa aF aG
+ . ;L22.. - - (1)
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. ~which is canonical in form. I take the k integrals over the half interval [0, oo), rather
S.- than the full interval (-oo,oo), which helps in keeping track of the cross terms

which appear in the theory between -k and k. These integrals must eventually be

extended first over the full interval and ticx1 into the upper half plane. The soliton

variables q, and p, are related to those used by Zakharov and Fadeev[19l by a simple

canonical transformation.

I close this section with an important aside. The canonical form of the Poisson

bracket in Eq. (11) follows from the form of the Poisson bracket in Eq. (3). Once

the Korteweg-de Vries equation is perturbed, it is not evident a priori that this

symplectic structure will suffice at all orders. Recently, H. H. Chen and I[ ' 4 1 have

shown that it does indeed suffice in cases where the physically important systems

of one-dimensional ion acoustic waves or shallow channel water waves are being

considered.

III. DETERMINING THE HAMILTONIAN

* My next task is to re-express the Harniltonian, H[u] = Ho[u] +eHi Jul explicitly

in terms of the canonical variables. Zakharov and Fadeev have showed us how to

obtain an explicit expression for Ho[u], and the result is given by Eq. (10). Their

procedure, however, cannot be applied to the general case where the Hamiltonian

Hijul will depend on the canonical coordinates as well as the momenta. Instead, I

directly calculate H, [u]. I begin by determining u in terms of the canonical variables.

In the case of interest here where u contains a single solitary wave (or more precisely

the transmission coefficient has a single pole at the initial time), I write

d
u u+ 2-dK(, x), (12)

where

U, = -2. sech[ z + q,/2)]

* is the single soliton solution and K(z, y) is given by the solution to the Marchenko

equation
'. K(z, y) + F(x, y) + dz K(x,z)F(z, y) = 0 (13)

The kernel F(z, y) is given by the relation

, f_ dk

F (x, y) CO d - r (k)g~. (x, k)g1 . (y, k), (14)
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0 where

g(x, k) = exp(-ikx) k-i~tanh1K,( -/) (15)

is the left Jost function corresponding to a single soliton potential. The Neumann

expansion of Eq. (13)

K(z,y) = - () + dz F(z, z)F(z,y) -.. , (16)

is always convergent. This Neumann expansion is essentially an expression in powers

of r(k). Writing now,"u-=u + U1 +- u2, (17)

through second order in powers of r(k), and letting

z + qc,/2, (18)

I find explicitly

S f 2__ k + I2k

, [aj sech 2'(KC) + bj sech2 (,xc) tanh(n)], (19a)

co dk f dk2  exp[i(k1 + k2 )q.,Jexp[-2i(ki + k 2 )~
U2 = -2 -"r(ki)1 -r(k2 )Cr -7 (-k)(, ± i) 2 (k2 +

2

Z [c sech 2 ' (Xa ) + dj sech2j (K.,C) tanh(r.,, ()I ~(~
3.=0

where
ao = ik(k 2 _

bo = 2k 2 r,

a, = 2ikcll,
3

CO = 2i(ki + k2 )[(kk 2 - - (, +
,2 (20)

• do = 4(k, + k2)
2 (kik2 - K)C ,(2

cl = 2i(ki + k2 ))(ki + k2)2 + (2kk 2 -3

d, = 2[2(k, + k2)2 + (kjk2  K2- )],

'p 0 = 34~k, + k2)4c

"''5 d2 = 0.
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0

Im(k)

.7
Re(k)

FIGURE 2. Schematic illustration of an integration path through the upper half

Bargrnann strip, represented by the hatched region. The dots represent poles.

In calculating Eq. (19b), I had to exchange an integral of the form f dz...

with two integrals of the form f_ dk.--. The integral over z was then explicitly

evaluated. This exchange is only valid when Im(k) > 0, i.e., when the integrals

over k are performed in the upper half Bargmann strip shown schematically as the __

hatched area in Fig. 2. While quite simple conceptually, this result is important as

it tells me how to integrate around the poles which appear in the theory on the real

k-axis.

At this point, I determine /5
H,[u] = fU~d (21)

in terms of the canonical variables. To do so, I need to exchange the integral

f 00 di... with the integrals over k. This exchange is not permittcd unless the

* integrand decreases exponentially as - +oo which is not always the case. When

that is not the case, we may pick up a 6-function contribution. To show how this

works, I first consider the case p = 2. In this case

-i = I+ 2UaU1 + Uz + 2U 2 u; (22

so, writing

HI = ho + hi + h 2 , (23)
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* where I have expanded HI in powers of r(k) through second order, I find

ho - u' d = 4K sech4 (rC ) dC =16 X3 (24)

a I' E 00 3 *

I also find

hi 0S 2u,,ul dC (25)

which is non-singular and yields

hi= - 6 - r(k)exp(ikqo) d +

[ik(k2 
- , sech ,)+2k 2  sech (xc.)tanh(ic ) (26)

S+ 2:kx, sech Q(,..)+ sech (i.)tanh(iaC )] = 0.

At next order,
h2  f (u2 + 2u,,,u) dC = h(= ) + h(-)  (27)

has both a singular part h(") and a non-singular part h('). The non-singular part

can be shown to equal zero, and I concentrate on the singular part,

-i dki 0' dk 2h °) -lir 16 r (ki) -j-- r(k2 ) exp[i(k + k2 )q.]

4k 2k 2 - k1k2 (k 2 - IC 2 )(k2 - C
d, exp[-2i(ki + k2 )C 1 ] k - kik)(k 2I - ic 0)- (28)

Since the limit operator is outside the integral over k, the exchange of the integrals

over k, and j is legitimate. To evaluate Eq. (28), I first explicitly carry out the

integral over j assuming both k, and k2 are in the upper half Bargmann strip. We

then lower the contour over ki, avoiding the pole as shown in Fig. 3. The continuous

part of the integral vanishes, leaving only the pole contribution. I thus find

2 2=s)Ir(2 )k 2 l

where jr(k)l indicates the usual absolute value on the real k-axis and its analytic

extension elsewhere. I conclude

H 1, d+ k jl(k)l (30)
3 2
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a) lm(kl) b) m(kl)

Re(k1 ) Re(kt)

FIGURE 3. Illustration of the integration path as Jm(k,) is decreased. The dot
represents a pole. As Im(kt) is decreased, the pole yields a 5-function contribution.

which agrees through the order to which we are working with the exact result of

Zakharov and FadeevIl9l.

-i=1 C3_8 k' Infi - ir(- .(31)

Since H, only depends on the momenta, a soliton in the unperturbed equation

remains a soliton, although its velocity of propagation changes.

When p = 3 or p = 4, the equations are still integrable, but the initial condi-

tions for a soliton are changed, and, as a consequence, the h,, will depend on the

coordinates just as in the non-integrable case -where p = 5. Explicitly, I first obtain

the result

ho ~ (32)
* where

13) - 1281 (4) -512, (5) 8192 (3
15 i 35 315 (3

Next, I find

h, = j3C7ri Fr(k) exp(ikqa,)kc (kc- src,,)P(k, c.csch(kir/ic0 ), (34)

% where
~()-64 = 256 5 512

33 15 4) (35)
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* and

p 3 ) = 1, p,) = (k" + 4 ), p(s) = (k2 + 4K)(k 2 + 9 ). (36)

Finally, I obtain
hr/ ki)I / dk 2  exp[i(ki + k2 )q.]

_ 2ir 21r 2kffX,, (2+ir,

Q(P)(k,k 2,J)RC()(ki,k 2 ,ro.)(kI + k2 )csch[7r(k, + k2)/Pc,], (37)

where

S(3) = 64 -c(4 = 256, 1c5) 512 (38)3 ' 15 ' 1-5

and

* Q( 3) Q 1, Q()=ki+k2 )+ , Q(s) = [(kl+k 2) +c][(kl+k 2 )2 +4#CI. (39)of = =

The quantity R ( P) is a polynomial of the form

R(P= x a (k+ + k2  + (,) kk 2,. + aQ')(ki k2)4 .2

. where a 1 a 3 - ~ ~ 3 4)=1

,? =4 44) = 9 44) = -26 ac,' 6 44)= -35

P 3 (3)2 (3)22,2

43)=127 a 7
- 5 a1 = -7 a9  =17 a 0 =

()=4 a()=9 a(4) = 2 (4) =6 a(4) = -35
i (3)-- 17 a ()=1 aI =-7 a () = 17 a (3 -- -9

4) = 52 a()= I a(4 = 9 a9(4 = 28 a () 0
a(' ) = 375 a(s) = 3 a s ) = -32 a( s ) = 135 a (5 )  -210

(6 7 a = 3 9  = 3 10

There are no singular contributions in any of these cases.

Structurally, these results are simpler than they perhaps appear at first glance.

For all possible perturbations of the sort we are interested in, polynomial in u, its

derivatives, and its integrals, one finds that h,, has the general form [l"l

• /2 rhn -if; I,(k,)l ... f -n- jr(k,,)l exp[-iq~ki) ....- iq(k2)

+ i(k 1 +...+ kn)q.hn(k,..' , k,;,i 0 ). (41)
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Hence, the dependence on the canonical coordinates (as opposed to the canonical

momenta) is entirely isolated inside the argument of imaginary exponentials. The

quantity h, depends only on Pc. and thus p,. In general, it consists of a number of

terms, each of which is a rational function of its arguments and may be multiplied

by a 6-function factor of the form

e i

due to a singular contribution containing two or more of the ki.Those 6-functions
which contain only two elements must be resolved explicitly since they have the

effect of eliminating part of the coordinate dependence. Those 6-function factors

containing three or more elements need not be resolved explicitly, although they

can have an important effect on the behavior of the resonant denominators as I will

describe shortly.

IV. LOWEST ORDER LIE GENERATOR AND RESONANT
DENOMINATORS

The goal of Hamiltonian perturbation theory is to make a series of canonical

transformations which eliminate the dependence of the Hamiltonian on the canonical

4.;, coordinates through any given order. Through that order, the transformed action-

angle variables evolve linearly in time,
- (42)

0(n) = jo ) ( 42)
- + nnt

just as the original variables did in the unperturbed problem. Here the superscript

n indicates the order of the transformation. The effect of these transformations is

shown schematically in Fig. 4. Before the action-angle transformation, the original
coordinates u evolve in a complicated way, shown as the dashed line to the left.

However, after the action-angle transformation, the perturbed system still evolves

in a complicated way. To obtain variables which evolve linearly through order n, we

make further transformations using Hamiltonian perturbation theory. The evolution

of these variables is shown schematically as the right-hand branch of Fig. 4. The

three-sided path including this branch has through order n the same property that

the original path of Fig. 1 has for the unperturbed system; it allows us to "win" over

straightforward time integration when the time interval becomes sufficiently long.
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* [jn-(-o). elnl(oll

" )A.A.T. J 6(oll Lie Transform * n[ e~"J

,.I I
".I I

I I
I I
I Ut I [r tI I IJJ . 0
I I
I I
I I

[J(t), Olt)) [Jlnllt). otnl(t)] = jn) eJol in)"+ gin)t I

FIGURE 4. Schematic illustration of the way in which Hamiltonian perturhation

J theory can be used to solve perturbed equations. This figure should be compared with

Fig. 1.

There is, however, a price to pay. These transformations generally diverge as

one continues them to arbitrarily high order due to resonant or small denominators.

I- The small denominators which appear in the theory equal zero in some cases on the

real k-axis. To avoid this difficulty, I must extend integrals over k into the upper

half Bargmann strip. To ensure that this extension is possible, we demand that

fu(z)j -+ 0 as x -* ±o faster than some exponential which implies that r(k) is

4 analytic in some strip surrounding the real k-axis. To ensure that all our integrals

exist we impose the complementary constraint that u(z) be analytic inside some

strip around the real x-axis. Hence, fr(k)l decreases faster than some exponential

as k -*:o. If these conditions hold at any point in time, they hold for all times.

One of the beauties of the Hamiltonian approach is that it allows one to elirni-
;-i

nate secularities in a simple, natural way. At any order n, we divide the Hamiltonian

i1C( ) into two pieces

H(-) f) + ft!"), (43)

where the former is coordinate-independent and the latter is coordinate-dependent.

We then eliminate /(H ) to obtain i("') which has a renormalized frequency l(n+ i )

to which HI(" contributes. At lowest order, for the examples which we are consid-

ering, this division is trivial. When p = 2, 1 find fl, = HI and fl, = 0. As H'1 = 0,
4there is nothing to eliminate and no need to transform the Hamiltonian. When

p = 3, 4, or 5, 1 find ft = ho and i, = h, + h2 through second order in powers of

I#I
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The Lie approach to Harniltonian perturbation theory which I am using is based
on two theoremsi 3,14). 1 let Fful,G[uI, and H[u] be arbitrary functionals of us. 1I1
also define the Lie operator :F: corresponding to F[U] as[171

where IF, G) indicates the Poisson bracket of F and G. The two theorems are: 11
1) The transformation

ex ( :) :. (45)

is symplectic

2)Th eltinexp(-: F:)H[exp(: F:)u H(u) (46)

holds.

At lowest order, our task is to find a functional F, such that H(') exp(-: F: )H
n o longer includes H1l. Then, from the second theorem, it follows that

H(l) [p(1)(k), q(')(k), p~l) 9q(1)J = H~p(k),q9(k), p.,q.1, (47)

V while from the first theorem
J 0() (k) =exp (c: Fl: ) p(k), q(') (k) =exp(f: Fl: ) q(k), (8

(1) (1)(4 )'

is a symplectic transformation and is just the transformation we want! The proce-
dure is then continued to arbitrarily high order. Explicitly, we find through second
order inc

exp(-c: F1 : )H = Ho + eft, + til - e[Fl, Ho]

2 I2 F,Hi -~ ( 2 [IF,, ft1 + ~2IF,,IF,HolI. (49)

To eliminate H1 , we must set

d 10'
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In other words F may be determined from k 1 by integration of the unperturbed

orbits. Explicitly, I find

dto exp{-i E q(k,) - kjqu} exp{-t q(kj) -kjq]} (51)
IC-S j( + k )

The zeroes in the small denominators

D= (ka +kjr.4), (52)

may be avoided by integrating around them in the complex k-plane as needed.

For the cases of interest here, I find, expanding F in powers of r(k), that

16F 1 = fI + f2 , where f, and f2 may be written

f, B8rr 5 k )dk " k -irc"P(P)(k,c,)csch(kr/c.), (53)
1 s , ... p k(k)exp(ikqc)k + ic

and

f.2. P)7f dk (ki) f.dk2 (k2 )
2r 27r

exp[i(k + k2)q.]

, (k, + iiC,) 2 (k 2 + iK,) 2 [(kj + k 2)2 - 3kik 2 +.1

Q(')(k1 , k 2 , r,.)R(P)(kl, k2 , Pc,) csch[ir(ki + k 2)/c,]. (54)

It is not difficult to show that the k-integrals in the Eqs. (53) and (54) are well-

defined when both k, and k2 are in the upper half Bargmann strip. More generally,

if we consider the solution to the expression D = 0, 1 find that as long as at least two

* '-" of the kj are not tied together by a single S-funtion factor and I assume that all the

kj except one which I designate ki, are arbitrarily close to being purely real, then

D = 0 is possible only if Im(k) = 0 or Im(ki) > r.c,. By choosing Im(k) = K: /2,

it is possible to bound D away from zero. If all the k. are tied together by a 6-

function factor then it is no longer possible to bound D away from zero, although I

can always avoid having it equal zero by an appropriate choice of the k-integration

0- jcontour. As a consequence of these latter terms, the perturbation theory is expectedS
to ultimately diverge, although it is finite order-by-order. Physically, these terms

correspond to a radiation component which travels with the solitary wave and only
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slowly disappears as t -. +o. More details on the resonant denominators may be

found in reference 11.

V. CALJCULATION OF THE HIGHER ORDER HA'MILTONIANN Having determined F1, I may now calculate HM the transformed Hamiltonian.
From Eqs. (49) and (50), it follows that

H()- exp(-c: Fi:)H =Ho + 4l1 - F1,iHi -r (55)

Noting that
t. aljr(k)I =_ 7r 1 - jr(k)12

acp(k) ;4k I r(k) I '(56)

I find that in order to keep terms through order C2 in the equations of motion, where

I assume that tr(k)l is of order e, I must keep terms in the perturbed Hamiltonian

of order c2 Ir(k)I and cjr(k) J2 as well as terms of order C2 and ejr(k)j.+

The calculation of HM1 for the examples which I am considering here is straight-

forward, albeit somewhat lengthy. I will concentrate here on calculating in detail

the term which contributes to k'~) at order C2 in the case p = 3 and simply record

the full results. The term in Eq. (55) on which we concentrate is [f,, hil which is

part of [F1 ,H1 ]. Only the continuous portion of this Poisson bracket contributes

since the soliton portion yields a term of order c2 [r(k)1]2 . We first find that when

Pk-=tc

af, -: 7 jr~~j"exp[--iq(k) + ikq. kJ n, csch(7rk/r.,) t

Wp ( k) 3 fr(k)j n

3r jr(k) 1 exp[iq(k) - kq ,] k +- n csch(7rk/ n,), (57)

and 4

* ~af1  4i k - in,,sh~r/~ 0
aqk) rI(k)j exp[-iq(k) + ikqaIk ~ + h(rkx,,

-4i xpqj qak~ + in,-T(k)i ep~iL~k - -kal csch(rk/xIca), (58)

0 where k is real and I have used the relations Ir(-k)I = Ir(k)I, q(-k) = -q(k). Similar

results can be obtained for ahl/clp(k) and 49hi/4q(k). The operators d/&9q(k) and
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i•aq(k) are anti-symmetric in k; hence, the k-integrals can always be extended from
the half interval [0, o) to the full interval (-oo, oo) and from there into the upper
half Bargmann strip. In the case considered here I find through the order to which
I am working,

[f,,h 1 ] d ( of ,  ah,  af, a h ,
\oaq(k) ap(k) Op(k) aqkk)

1287r 2 f0 dk 1 2 2 + IC2 2
-,-,-2-- 7 r[1- jr"()ljk(k +Q csch (Crk/n,)

1- 2  dk k k2 + PC) csch2 (7rk/rc,)
f9'1 27r (of

, ,1 2 8 5 (5 9 )

In general, I may write

H(') = Ho + eft, + 24 + C2. (60)

I now find

12f = ii), p-,

where
2 128,712,70445 ' 1575 525,525

~and

1 2  o d r (k)exp(kq.) k - in, P(P)(k, ,) csch rk/,:,a)

+ --- ( i .r f k2 r(k 2) exp (ik2q . (k, k 2 , Kc)

Di) 1 . +-k (k2 + ,,2

k2 , - k, (k+k2)2epk
'V (k, + k2)-2  kk +T02 (ki c~)

csch(rki/,a) csch[r(k, + k 2)/IC)]. (62)

The quantities P(P) and R() are defined in Eqs. (36) and (40) respectively. The

factors (P) and T(P) equal

-(3) 128 -(4) 2048 -(5) _ 65,536
9' 75' 3675

(V3) -128 2048 () 9

9 gY25 33,075'
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-~ and the Z r) equal

~()-[(Ici + k2) + 01(ki +4.)

~~~[( k) 2 ±+ K2 ][(k1 + k, )2 + 2 4~(k 2 + 4~c)k P C2(4

Given the explicit form for H1('), we may now go on to calculate F 2 and H1(2).

We find explicitly

i' 2  -P 7r~iJ dk 1~)epiq,)P~ P(P) (k,.,,)csch (7rk/ka)
8 co 2 r(k + r.,) 2

Y(P) 7r fC' k, dkc fki k2, K.)______

2r cc 2rT ( + r c*)(k 2 + irc)

R (P)(k 1,k 2 , r-.) [2 +kX 2 + Tk k ,2 (65)

and

H (2 = ,, Efj + 2 f2 -(66)

Through the order to which we are working the Hamiltonian depends only on the

canonical momenta. One can directly verify that all the k-integrals in k 2 and I'2

are well-defined when carried out in the upper half Bargmann strip.

VI. CALCULATION OF THE FIRST ORDER POTENTIAL

Having determined F, and F2 , we can in principle, calculate the second order

potential through the formula

U( 2 ) = exp(- 2 : F2: ) exp (- c: F1 : ) u; (67)

however, I restrict myself now to calculating u(1) = exp(-c: Fi: )u. in order to keep

the algebra within reasonable bounds. Having determined u() I can check the

* Harniltonian approach by finding the first order solitary wave solution and compar-

ing the results to what is obtained using simpler methods which do not apply to

% arbitrary initial conditions. Such a check has already been carried out for other
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simple examplcsll1°. Calculating u(') when p = 3 and setting r(1)(k) = 0, 1 obtain

for the solitary wave solution

tUa= 2r.4 sech'(Pc. ) - (r. [sech'(PcC)

-2(1 + 21c.C) sech (c 0 ) tanh(K ) , (68)

where I have left out the superscript 1 which should be on icc and C. I note that

the result is non-uniform in C although it does fall off faster than some exponential

as -- ±oo. From the Hamiltonian, I find

== 16 2 (69)

Combining Eqs. (68) and (69), I find that through the order to which I am working

u, =-2c 2(1 +I) sech2 c(l+ 2E)c +
3 [ 3J3j

2KC21 e s)h 4(1 + (1 + 3 2c (70)

S-where o is a constant of integration. Letting -= + 2c/3), we conclude

u.=-2R23 (1 - e) sech 2 Vko - 4 T3 t + C(71)

which is the same as the exact solution

us - 0 sech 2 [eto - 4k3t + , (72)

through the order to which we are working.

I have obtained similar results for the cases p = 4 and p = 5. In the former case

I compared the results of my theory to what is obtained from the exact solution.

In the latter case, no exact solution exists, and I compared the results with what

is obtained from the expansion procedure of Kodama and Taniuti [2 0 1. I have also

explicitly verified that all the k-integrals which appear in U(2 ) are finite, although I

* have not carried them out in detail.

VII. CONCLUSIONS AND ACKNOWLEDGMENTS

In past work, I have used Hamiltonian perturbation methods to show that

solitary waves emerge "to all orders" in a small parameter from arbitrary initial

5'.
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data. In this work, I apply the results to a second order calculation of some simple

examples, H, = uP. I have shown explicitly how to eliminate secularities by splitting
thc Hamiltonian into its oordinate-dependent and coordinate-independent pieces. I
have also calculated the first order potentials and, from that, extracted the solitary
wave structure. The results agree with previous theoretical work.

This work was supported by the Naval Research Laboratory and Science Ap-
plications International Corporation.
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Solitons in a Birefringent Kerr Medium

C.R. Menyuk"
Department of Electrical Engineering
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USA

ABSTRACT

Equations are derived which govern wave propagation in a birefringent Kerr
medium. Painlev6 analysis indicates that these equations are integrable when
the two polarizations are uncoupled or when the Kerr coefficient for each po-
larization depends on the total intensity. In the latter case, the equation's
integrability was first proved by Manakov who found single soliton solutions.
Here, the single soliton solutions that he found are extended.

I. INTRODUCTION

Many optical media are birefringent, and, as a consequence of this birefringence,

have two normal modes with preferred axes of propagation. If the modes are linearly

polarized, then we may designate the axes 6. and & which correspond to two orthogonal,

real directions; however, if the modes are circularly polarized, then we designate the axes

6, = (6. - iiy)/v2' and it = (6. + ie,)/v / which axe no longer real.

If the nonlinear dielectric medium can be considered isotropic, then the lowest order

nonlinear interaction which will appear is the cubic or Kerr nonlinearity [1-4]. In an

intermediate range of birefringence, to be defined more precisely later in this paper, we

then find 1

iuf + V88 + (lul2 + BvI2 )u = 0,~(1)

where u and v represent the amplitude envelopes of two normal modes, and s are

normalized distance along the medium, and B is a parameter whose value depends

on the details of the nonlinear dielectric response, although it is always 0(1). The

most important single case is when the nonlinear dielectric response can be considered
r~r..instantaneous, as is the case is optical fibers [5). One then finds B =2/3.
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We note that while the coefficient of birefringence does not appear explicitly in

Eq. (1), the transformation
r, .u' = u cos 0 + vasin 0,

(2)
v = vcos0- usin0,

does not leave Eq. (1) invariant unless B = 1. This invariance is a fundamental symmetry

requirement if the normal modes are linearly polarized. Hence, the birefringence serves

to break the azimuthal symmetry in this case.

Recently, Eq. (1) has beens subjected to intensive study due to the interest in optical

fiber applications [6-9]. Unfortunately, these equations appear to be non-integrable when

B = 2/3. Still, as Manakov showed some time ago, Eq. (1) is integrable when B = 1.

Eq. (1) is also integrable when B = 0 since Eq. (1) reduces to two uncoupled nonlinear

Schrbdinger equations. We have carried out a Painlevi analysis which indicates that

these are the only integrable cases.

The case B = 1, aside from its intrinsic interest, is a useful starting point for

studying more general B-values. In his paper, Manakov [10] showed how to solve the

*O initial value problem and extracted those single soliton solutions where u and v are both

proportional to sech(as). We find more general single soliton solutions by a direct search

*. for stationary solutions of Eq. (1). These solutions can be obtained by using a procedure

first described by Darboux (11] and based on the original work of Bertrand [12] and

Liouville [131.

In Sec. II of this paper, we give a brief derivation of Eq. (1). Our goal here is

not rigor, but rather to elucidate what we consider to be the most important physical

points. In Sec. III, we outline the Painlev4 analysis and show how to obtain single soliton

solutions of Eq. (1). The conclusions are in Sec. IV.

.%:

II. THE BASIC EQUATION

* Recently, there have been several derivations of the nonlinear Schr6dinger equation

for applications to optical fibers and other optical systems. (See, e.g., [3, 4, 14-16]). We

* - shall present a simple derivation which can easily be made more rigorous by folowing the

approach of [16]. We consider one-dimensional propagation in a homogeneous medium

and ignore transverse effects.

In the slowly varying envelope approximation, we may assume that the E-field has

the form
" E(z,t) = E+(z t) + E-(z,t), (3)
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where E is the real field, E+ is the contribution to E near the carrier frequency U; =W,
and E- is the contribution to E near w = -w0 . The Fourier transform of E is zero
outside a small range of frequencies surrounding w = wo and w = -wo. Since E(z,t) is
real, it immediately follows that E(z,w), the Fourier transform of E(z,t), satisfies the

relation E(z, -w) = E*(z,w) from which we conclude P,-(z, -w) = +*(z,w). For each
normal mode of the medium, we may now write

1 t
PI(z'i) xi -IX(t - t')EI (z, t') di',

ft (4)
P 2 (z't) X2 1t - t')E2 (Z, t') di',

where P1 and P2 indicate the linear polarizabilities in each component of the wave.
Writing the Fourier transform

1 0

A~w)= I A(t) exp(iwt) di, (5)2rf 100

we find

P,(,)= i,2(Z,w)EI, 2 (Z,W), (6)

or, separating out the + and -contributions [2],

P, 2 (Z,W) = Pj 2 (w),() +(7)zw&~()
E12(Z,W) = -tj+2(Z,W)O&1, 2(w;)+ j(w) 2 (,()

where the unit vectors satisfy the relations

1 e= 62 !2*e2 = 1 C-1 6;= 62  1 = 0. (8)

We concentrate on Pj+. Since the relation F1  ~ holds, knowledge of P,+ is sufficient
to determine Pj-; P2- can then be determined by analogy with P,+. It is useful to consider
the slowly varying envelopes of the polarizability and the field,

p(z, t) = P,+ (z, t) exp(- ikoz + iwoi),
*1 (9)

U(z' t) = E+(z, t) exp(-ikoz + iwot),

*where we will specify ko shortly. From Eqs. (8) and (9), we find

p(z't 0 *(u+ wo)(z~w)exp(-iwt) dw. (10)
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'. The quantity U(z,w) is peaked in a small region surrounding w = 0, and we assume that

is slowly varying throughout this region. Thus, we may write

Ri(I + Wo) = *i("o) + Z(wo)w + 1*g,(w2 (11)

where '(wo) and *"(wo) are the first and second derivatives of j1(W + o) evaluated at
w = 0, leading to the result

OgU 1 H i92 uP = WW(o~u + QI (w0) i- - j R (LOO j-2. (12)

We now recall

Di (Z'W) 1+ ji (w)]Eij(Z' W) = ?I (W)Ej(Z' W), (13)

where ij(w) is the dielectric response. We further recall, from Maxwell's equations,

V 2E, + 1D1 = o, (14)

and we define

k(w) = -[ i(w)] , (15)
C

corresponding to positive propagation. Letting ko k(wo), we now find from Eqs. (9,
13-15),

OU i U  1 .9 2U

z+ o4- - 0 - (16)

where k and ko( are the first and second derivatives of k(w), evaluated at W = WO.

Similarly, we find 69 V L. V 1,0
+ i V 1 92 V 0, (17)

8z Ot2 t2 -'(7

where V is the envelope of E2,

1()=~~(w]/ [+i2wI 2  (18)
c c

and 10, 1(, and X ' are defined by analogy with ko, ko, and ko".

We now suppposed that the polarizability has a cubic component and that this cubic

component is istropic. When both the anisotropy and nonlinearity are weak, the case of

greatest practical interest, then anisotropy can be ignored in the nonlinear contribution
at lowest order since the anisotropy is formally of higher order. The polarizability must

have the form

diff1 f dt X(t-tIt- 2 ;t-t 3 )
S(2r) (19)

[E(z, ti). E- E(z, t3h).

298

-.-



Equation (19) is the only cubic combination of E. and Ey which is invariant under

rotations and mirror reflections. From the form of Eq. (19), it follows that the dielec-

tric function X(rl,r2;r3) is invariant under the interchange r +- r2 but not under the

interchanges r, -+ r3 or r2 '-. r3 . We thus obtain

P+(z, t) = d2 dt3 X(t - tI,t - t2;t - t3)
(2r)

3  
0 oo 10

* {[2E+(z,tI) E - (z,t 2 )]E+(z,t 3 ) (20)

+ [E+(z,tI) E+(z,t 2)]E-(z,t3 )}.

and a similar result for P-. The decomposition of Eq. (20) depends on the nature of

the normal modes. For linearly polarized waves,

P(Z't) = d2 dt3X(t - t, t - t2;t - t3)
F2,_) f- 00 o _ 00

{2[Ej(ztI)Ej(zt 2 ) + E 2
4(Zt)E (zt 2 )]E+(zt3) (21)

~+[E+(z,tl)E+(Z,t2 ) + E+(z,tI)E2+(Z,t 2 )]E-(z,t3)},

with a similar result for P2+, while for circularly polarized waves

,,) dt, dt2PI+ (Z't) = T- d1dr dt X(t - I, t- t2; t-t3

: {2[E+(z'th)E-(z'th) + E+(z'th)E (z't2)]E+(z't3) (22)

+ 2[E+(z,tl)E+(z,t2 )]E-(z,t3)}.

.w Making the slowly varying envelope approximation, just as in the linear case, and keeping

only the lowest order terms in the expansion of , we find in the case of linearly polarized
waves that p(z,t) = a {2(IU12 + IV12)} U

(23)
+ '3{U 2 + V 2 exp[-2i(ko -lo)z]}U*,

0 where a = j(wo, -wo;wo) and -= (wo,wo; -wo). For circularly polarized modes, we

obtain

p(z,t) = a(2(lU12 + vI 2)}U +20rvI12u. (24)

When the medium has an instantaneous response, j(wo,-wo;wo) = (wo,w;-w0) =

j(0, 0; 0), so that a = /3.

In many cases of practical interest, the birefringent beat length is short compared to

the length scale of the pulse variation. Then, the term in Eq. (23) is rapidly oscillating
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and can be dropped. We now combine the effects of the linear and nonlinear polariz-

ability. After transforming to the intermediate group velocity frame and appropriate
normalization [8, 9], we find for linearly polarized waves,

iuf + ibu, + 1us$ + (Jul2 + Blvl2)u = 0,
1 (25)

ivc - i6v + 1vo + (Blul2 + v 2)v = 0,

in the anomalous dispersion regime where B = 2a/(2a + 0). For circularly polarized
waves, Eq. (25) still holds with B = (a + 3)/a, and no assumption concerning the
birefringence strength is required. The first derivatives in s can be removed by the
transformation

ii = uexp[i(1 - )f- i6s],

(26)
f = vexp [-i6(1 + )f + i6..

Removing the bars yields Eq. (1). We see that the Manakov equation results when 3 = 0.

It is worthy of note that when the birefringence is so weak that the exponential term
in Eq. (1) can be set equal to 1, we find

iu + ku. + (1u12 + Iv12)u + (1 - B)(uv" - vu)v = 0,
(27)

iv + vs, + (Jul2 + Ivl2)v - (1 - B)(uv" - vu*)v = 0.

The final terms in Eq. (27) lead to ellipse rotation [1].

II. INTEGRABILITY AND SOLITONS

We now look for stationary solutions of Eq. (1) which have the form

* u( ,s) = exp(iff1 )f(s),
(28)

v(f, s) = exp(if12f)g(s),

4.1 ., where f and g are real functions and I and f12 are two real parameters. In the case

2 B = 0 where the single soliton solutions are well-known, we find that this ansatz yields
the general solution to within a Galilean transformation. Substitution of Eq. (28) into

Eq. (1) yields
f. - 2fQxf + 2(f/ + Bg 2)f = 0,

g.. - 2fQ29 + 2(Bf 2 + g2)g = 0.
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In the remainder of this section, we study Eq. (29). We apply Panlev6 analysis [17] to
Eq. (29) which indicates that it is only integrable when B = 0 or B = 1. Then, setting
B = 1, we determine the homoclinic orbits which correspond to single soliton solutions.

A. Painlev4 Analysis

Following the procedure of Ablowitz, et al. [17], we search for a Laurent series

4&, solution of Eq. (29),

f = Zaj(s - s0)p + j

j-=0

0 (30)
g = Z bj(, - so)"+ j,

40 j=o

valid in the neighborhood of any singular point a = so. The only choice of p and q which
allows us to balance leading terms in Eq. (29) while leading to four arbitrary coefficients

in Eq. (30) is p = q = -1. We then find

ao°--b- B+1' (31) S

We next determine the values of j at which arbitrary coefficients in the Laurent

expansion enter. Letting j = r designate these resonant values, we find that r satisfies

the equations,

6 2B B b,

+__ 1 B+ B +(32)
(r-1)(r-2)- 6 2B ]br ± 4  B a,,

B B+1 B + 1 BF+ 1
where have made use of Eq. (31) to eliminate a0 and b0 . We now find

6 2B 4B _0, (33)
-B+ B+1 TB+

from which, taking the - and + signs in turn, we conclude that Eq. (32) has the roots

r 4, 3 ±1 9 -1B - 1 1/ 2  (4

The only values of B which yield real, integral roots are B = 0, in which case r =-I
and r = 4 are both double roots, or B = 1, in which case r = -1,0,3, and 4. Hence,
the only values of B for which Eq. (29) can have the Panlevd property are B = 0 and

B=1.
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To complete the Painlev6 analysis, we must substitute Eq. (30) into Eq. (29) and
show through j = 4 that no logarithmic singularities develop when B - 0 and B = 1.
We have done so, but do not describe the algebraic details.

B. Soliton Solutions When B = 1

When B = 1, Eq. (29) is generated by the Hamiltonian

= F2 + G2 + I RP +g 2)2 - 21hff - 2112 g2 (35)

where F = df/ds and G = dg/ds are, respectively, the momenta canonical to f and g.
The independent variable is s. A second, independent constant of the motion is

C - l(gF - fG)2 + (fli - f12)[F 2 - 2% f 2 + (f 2 + g2 )f 2 ]. (36)

Equation (36) implies the integrability of Eq. (29) when B = 1. When fl, > 0 and
02 > 0, homoclinic orbits exist which correspond to solitons. If I1 = 112 _= fl, then the

solution
f(s) = (2nl)1/ 2 cos sech[(20)'/23],

(37)
g(s) = (2fl)l/ 2 sin a sech [(2fM)//2],

corresponds to the solitons found by Manakov [10]. If RI # f12 , then the homoclinic
orbits are considerably more complicated.

Some time ago, Darboux [11] shown that a two degree-of-freedom Hamiltonian sys-
tem with a second integral quadratic in the momenta has a generic form. Once this form
is obtained by using Bertrand's method [12], (see also [18]) the equations of motion can
be reduced to quadratures using a procedure due to Liouville. To reduce our equation
to this form, we first note that the potential contribution to ?i is

V(f,g) - (f2 + g2)2  
2(f2 + g2) f2 - t)f. (38)

0 We next define new variables x and y such that

X2+ 2 = f 2 +g 2 +7, (39)
:2 _ y = [(f2+92+7)2 2 y47f2]1/2 ,  ()

where y = 2(f] - fl 2 ). The potential V(z, y) now has the appropriate generic form,

V X(z) - Y()
( ) 2 - y2 ,(40)
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where

(c)= ~)=_Aa 211)(a'2 - 2Ql1 - 2!Q2). (41)

To reduce the equations of motion to quadratures, we first write the kinetic contri-

bution to R~,

1 2) 12 2~x ~ ,

Defining now,

i xand dy(43)

we note that T and V have the forms

V i(l) + d2(9)(4

*Defining further c C1 c(1) + C2 ( ) and writing the Lagrangian

T3 YX T avX

we obtain after some algebra (5

(c2. ci + ,2) ci. -V(46)

From the Hamiltonian, we find

where h is some constant, and, after some more algebra, we arrive at the expression

da (c2i d ( c - d), (48)

or
22 hl-di 1 (49)

where -yj is a constant of integration. Carrying out a similar operation for .,we finally

conclude

(hci - di + 71 )1 12d* = (hC2 _ d2 + _2)112 d , (50)

which reduces the problem to quadratures.
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Closed form expressions can be found for the solitons and were recently reported

by Cristodoulides and Joseph [19] with some generalization from the case considered

here. We do not reproduce their analytic form since it is rather complicated; however,

the physical structure of the solution is not difficult to determine. When fll > f12, the

f-component is sharper and the g-component dominates at large values of 181. The self-

similar structure retains its shape through a complex balance of the contributions of the

two different components.

IV. CONCLUSIONS

In this paper, we have shown how the Kerr effect leads to the coupled nonlinear

Schrodinger equation in a birefringent medium. Painlev6 analysis indicates that these

equations are only integrable in two special cases. In the first case, the two polarizations

are uncoupled. In the second case, the nonlinar contribution of the two polarizations to

the Kerr coefficient of each polarization is identical. This latter case was shown to be

integrable by Manakov who found special single soliton solutions. We have extended his

0 results by finding a more general class of single soliton solutions.
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Pump replication in stimulated Raman scattering
using a crossed-beam geometry

C. R. Menyuk ° and G. Hilter
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J. Reintjes
Laser Physics Branch, Vaval Research L boratory, Washington, DC 20375

ABSTRACT

A theory of side beam replication in a crossing-beam geometry is reported. It is shown that side beam replication
is not expected to occur when the Fresnel number of the aberrations (FNA) is large, while it is expected to
occur when F.V 4 is small, in accord with experiments. An analytic threshold is derived for the value of FVA at

.A ahich side beam replication no longer occurs, and this threshold agrees well with the experiments. We propose
a method for eliminating side beam replication at low values of FVA.

I. INTRODUCTION the Fresnel number is not small, side beam replication can occur.
That is to say. new Stokes beams can be created which propagate

The theoretical and experimental work which has been carried collinearly with the off-axis pump beams.
out to date on Raman beam cleanup and beam combining of station-
ary vwaves has been strongly motivated by previous work on phase In this work. we theoretically examine the condittofs under
conjugation. mostly based on Brillouin scattering, rather than Ra- which side beam replication occurs. This replication is closely analo-
man scattering.i" In both cases, four wave mixing processes are in- gous to Brillouin phase conjugation due to four wave mixing, and we
volved. In the early experiments of Goldhar and Murray3 counter- make heavy use of the approach which was first developped in the-

. propagating beams were considered and the effect of a finite p'imp oretical studies of this effect.' 2 Flusberg and KorffU have aLready
beam correlation length was determined. They show that a large noted this analogy, and they have made excellent use of it it in their
number of pump beams leads to averaging and a smoother Stokes recent study of Raman amplification in a colliner beam geometry. In
output. Shortly thereafter. Chang and Djeu4 carried out experiments ,the experiments of interest to us. however, this analogy is incomplete.
i in a co-propagating beani geometry. They found, in keeping with the The difference between kL and ks, the pump and Stokes wavenum-
theoretical predictions of Bespalov. et al.s that as the gain rose. the bets. is quite large. amounting to 13% of kL;" '

O as a consequence.
Stokes beam distortion increased, due to incomplete intensity averag- important modifications must be made in the theory.
ing along the length of the amplifier. In later work, Goldhar, et al.,
showed that their approach could be made more efficient by using Our theory leads us to propose a novel method for eliminat-
a double-pass amplifier. and Chang. et al.] 9 showed that far better ing side beam replication without degrading pump beam quality by
output Stokes quality could be obtained if a multi-beam geometry adjusting the phases of the incoming pump beams.
with the central pump component removed, was used. More recently,

Reintles. et ut 5 ' 0 have explored in considerable detail the different
parameter regimes which occur in a multi-beam geometry and the
behasior observed in the different regimes.

%, In the:r experinmerts. Reintjes. ft al.' 
° observed that the effi-

c~encv of beam cleanup is determined in large measure by the beam
geometry and by the Fresnel number of the aberrations FN,4 =

1 , /AL. where DA is the transverse scale length of the aberrations. A
* is the pump wavelength, and L is the interaction length. In a collinear

beam geometry, with a large Fresnel number so that diffraction can
be ignored, the same portions of the pump beam and Stokes beam
continually interact. As a consequence, no intensity averaging can - - - - - -

occur, and any amplitude structure in the pump will print through

onto the Stokes. although no phase structure prints through. As
the F-esnel number decreases. intensity zveraging begins to occur.

reducing tme deleterious effect of amplitude aberrations. However.

diffraction of phase structure into amplitude structure now occurs.

-~e ,o that some printing through of phase aberraions taies place. As
_he Frestiel number decreases yet further, the intensity averaging im-

prose, substartially. but it is always incomplete. FIGURE I A schematic illustration of the crossing-beam geome-

%. .try is shown The punip beams are shown as solid lines. and the
If %- consider instead a iulti.beam geometry where there is no Stokes beam is shown aa a dashed line There is no pump beam

Son axis pump beam, shown schematically in Fig I. then intensity propagating collinearly with the Stokes beam When the Stokes
apraKing - , onsiderabl% enhanced, and at small Fresnel numbers beam emerges from the interaction region. shown as a hatched

the stokes beam is essentially diff-action lirmted However. when box. it is amplified
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It now follows that
2. THEORETICAL DEVELOPMENT

N - -0

The basic equations which govern wave evolution in a Ramani dz kL dY 2kL dyl -

active medium are and

89La'E L .LQ .9E ," K, aE," 01E"
az 2kL 0Y2 =+ ks5 2ks y 2

i~ 8 c2Es v'L (1) = - -- -

= - K zQ E , E 4 E r 'E ' E ' )° e x p [ 0 1 , -K . , + A o A '))d: 2ks @y E L LS .7

rQ = -IKIE;EL. - +L kLKZ):

exp 2 --

where EL and Es are the complex envelopes of the pump and Stokes
waves. Q is the m tenal excitation, Ki and x: are the gain coeffi. In the previous sum. we only keep terms for which

cients, and r - 1/T2 is the damping rate of the material excitation. K,,, - A', + A' - K = 0, (8)

Here. we consider on, one transverse dimension for simplicity of pre-
'5_ sentatnon but note that the results which we will obtain hold without or n - n + o - I = 0. in order to satisfy the condition that E'"

c; -c - or two transverse dimensions. To derive Eq. (1), we make a vary slowly compared with exp(iKiy) which in turn comes from the.5he
slo w,'v ,.rying envelope approximation, a para.j,. ave approxima- condition (AK)b..m < (.AK).p.
tion. a..d assume that the material excitation is .- )m saturation.

In general. the explicit variation in Eq. (7) can lead to rapidly

In the stationary limit Eq. (1), where tim" endent effects oscillating terms; these terms make no contribution to the sum.
A%- can be neglected. we find Writing the e-folding growth length as (g(I))-* where (IL) is the

= E-EL summed, average strength of the pump beams in the interaction re-
Q. = (2) von. our condition to have rapidly oscillating terms is

and. as a consequence. 2-LAK)'P > ([),(

!e'. aEL a OEL k9r
=. _ = s EL. a condition which is well-obeyed. A similar condition applies in

, 2.L 4)} khe ry of Brillouin four wave mixingl .2 or Flusberg and Korfr's
dE i 82 Es g" 2  theor. . of collinear Raman interactions, although (,AA'), is re-
: = -k; ' 2 places by the total bandwidth. In these theories, one also assumes

nat a compl, mentary condition
where g = 2 Ki,2/[. -e E.pe:..nents

5' indicate that the systenm's
linear behavior (i.e. " O - ', .or '. 1Ls( <IELI) plays a crucial rote r

:n determining the qci.ity of the emerging Stokes beam. We thus -(.IK' P 9([L)- 10)
,peciaize to the linear limit wl. re Eq. ,,) becomes

,92holds, %here r = (k - k)/kL. As a consequence, k can be set
dEL - - 2Ty = 0. (4a) equal to ks. and we can avoid rapid oscillations when

d EL L 2 E " (45) K' -A' +K -K? =0 - ()

"5 : 2k - =y 2E
which, combining with Eq. (8), implies either 1) A',, = K., and
Ko = K, or 2) K., = K and K., = K.. The first case corresponds

In the mulr-beam geometry that we are considering, it is always to terms in the equations which lead to intensity amplification of
'he case that in k,.space. the Fourier transform space correspond- the Stokes wave: the second case corresponds to terms which le
ng to the y-direction. the separation between the beams is much to replication of the pump structure. There are as many terms of
:are-r than the banawidth of each individual beam. In other words, the second type as there are of the first: hence. Flusberg and Korffii
AK ..ip > "b. where (_IK),,p is the minimum kv.separation conclude that the portion of the Stokes beam in phase with the pump

between the beams and ()AK)b..m is the maximum bandwidth of an grows at twice the rate of the rest of the Stokes structure.
individual beam. Given this condition, it is useful to decompose EL
and Es into a sum of contributions from each beam in which the In our experiments. Eq. (10) does not hold because of the large
central wavenumber K, of each beam is explicitly accounted for, difference between kL and ks. Instead. we find

EL(z) = EE)(y"z) exp(A'jy)exp(-A'gz/2kL) . > g()--,-12)kp ), (12)

Esiy. = E (y,':)exp(iKy)exp(-K' 'z/2ks). and

r( > (A').m. (13)

Here. l refers to the beam number. The quantities EIL ) and ES1) give As a consequence. rapid oscillations do not occur when either 11
the envelopes of the individual beams: these envelopes are slowly I., = I% , and A', = K1. just as before, or 2) K.., = K' = -A'., =
varying in the y.direction. For the case of interest to us here, it is - K. which strongly restricts the previous second case The second
appropriate to assume that A' = I A'. that E'O0' = 0. and that E"' condition. Eq. 113). ensures that the finite bandwidth of the E"'
is very small except for I = 0 The E'," for 1 0 0 correspond to the does not lead to a non-zero contribution from one of the terms for
side beams, and it is their growth which we wibh to determine, which A'. = K, and K, = K, but K, $ -A',. We now find that
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Eq. (7) becomes pump beams. Thus, the gain of the side beams is higher than that
of the central Stokes beam. and side beams will be observable if the

a aE K, E's i i2 overall gain is sufficiently large. By contrast, in the opposite lmit
+ of Eq. (20). the phases of El) and Ei 11 change too rapidly for the

8: ks O 2ks Oy1 (14) phase difference of the Stokes beams to lock to them. In this case.

* E(E(7' E"9 + E the average growth rate of the side beams is only slightly higher then
,m that of the central beam, and side beam replication is not expected

to occur.

In the experiments of interest to us. it is always the case that

,'4 3. DISCUSSION1 -% 'ba < g([L). (13)
2 L

The experiments of interest to us here were carried out at the

We may thus assume that over one growth length the effect of diffrac- Naval Research Laboratory using a XeCI laser at 308 nm and a high
tion can be ignored. Letting zi = z andy' = y-( Ki/ks)z, we obtain pressure H2 cell.51 0 The Stokes radiation emerges at 353 am imply-

ing that r = (k, - ks)/kL = 0.13. The angular separation between
,E',,.i. () ... E - incomingpump beams is 5.6 mrad. sothat (A K). 5 = .l x 103 cm - 1 .

5 'EAt )E9 + iE"'EL1)E. (16)
.zi 2 2L L S L L S Experiments were carried out with pump beams 20 or 120 times dis-

"' persion limited. In the former case, their angular spread was typically

The quantity yt measures transverse length from the center of the !th 0.03 mrad and in the latter case. it was typically 0.18 mrad. corre-
beam. The other beams' variation in zi will in most cases be more sponding respectively to (.%K)b..m = 6 cm- ' and (AK)b.am = 37
rapid than that of the Ith beam. cm- '. The interaction length of the H2 chamber is 500 cm and in all

cases 4 < g(IL)z < 20. so that there is enough gain to achieve rea-
To analyze Eq. (16). we first consider a limiting case where FNA sonable amplification without causing self-oscillation. We conclude

is very long for the pump beams, and. at a given yi. their amplitude 8 x i0-3 < g(hL) < 4 x 10- 2. The number of beams is given by
variation as a function of zi can be neglected over some long length N = 24.
in the interaction region. Equation (16) then has the solution for

-= 0. 0 We now examine our conditions to be sure that they are met.Es. r(.y, E"0'(0.yj)exp [9() ,
* Es =  i e• .(L)We first find

,," " dwrc E
°  

0.h 0,-s (AlK)2  = 0.5 cm - 
> 9(IL), (12')

where (IL) = E, EL and we recall EL =0. When! 0.,
the equations for I and -1 are coupled. and, assuming that r(AK).ep = 150 cm - 1 > (AK)b..m = 6 - 37 cm- t .. (13')

'()'!'-I ' =lL)/.V' We next examine (l/2kL)(A')..,m. For the 20 times dispersion

limited beam we find
where N is the number of beams, we fitid

NI(A m = 9 x 10-' cm "1 < g(1L)- (15')E, 's" = l 0' exp [ u_.- V 1( -'1 _

E- 2 "N(18) and for the 120 times dispersion limited beam, we find
P .- 1 N ILF:i 1 gM i 1

- .2-' 2 -(AK)2.,m = 3.4 x <0 cm - 
< g(L). (15")

wher Pxp ioi E'"E'L_ and2kL

Shere exp, I = Et j' EL
- " ELj EL  and Thus. all our basic conditions are met. We now recall V = 24. so

that
E*'' = '0.'.,) exp. -to;) EV{O. yol. g(IN.V =3 x 10 - I.7 x 10 - 3.

(19)
"-= : E ,.expi -zo - (0.y). When the pump beams are 20 times dispersion limited. we thus find

* ..L(K)~ < g('L)f N. (20')

We find that the vector (E", E -')) consists of two portions, a L

" portion which is in phase with (E l+), E -i)) and grows somewhat and we expect side beam replication to occur. By contrast, when the
faster than the central Stokes beam and a portion which is out of pump beams are 120 times dispersion limited, we find

phase with (E), E4L-)I and grows somewhat slower. On a length

, scale longer than (g(IL)/V) -1 , the in phase component dominates 1
' . over the out of phase component. A>(

At this point, we can outline the condition for side beam repli- and no pump replication is expected. Both these results are in accord

cation to occur If the pump beams satisfy the condtion with the experiments.

I < (20) We note that while the theory of Sec. 2 agrees well with the

--2kL experiments, it is not sufficiently refined to lead to a precise de-
termination of the boundaries between the different regimes. Here.

then the pump beams E'L and EL j" are correlated over a length numerical simulations are likely to be of assistance. and we intend to

greater than (g(IL)/.'V i-1 and. as a result, the phase difference be- carry them out in the near future.

tween E'5" and E -5 is locked to the phase difference between the
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Finally. we turn to methods for eliminating side beam replica, mixing in Raman amplifiers." J1. Quantum Electron. QE.18(3),
tion. These include: 1) Since E")~ and El.- mutbthb)onzr 399-409 (1982).
for pump beam replication to occur, we can arrange the pump beams 4. R. S. F. Chang and N. Djeu. -Amplification of a diffraction-
asymmetricrally. Unfortunately, this approach lead to asymmetries in Limited Stokes beam by a severely distorted pump.- Opk. Lett.
the Stokes amplification and degradation of the beam quality. 2) We 8(3). 139-141 (1983).
can increase the number of pump beams. This approach does not .5. V. 1. Bespakwv. A. A. Betin, and G. A. Pismanik. -Reproduction
appear to be practical. 3) We can phase E') and E(-" so that of the pumping wave in stimulated -scattering radiation." R.
they are out of phase with each other. If. as seems Likely, the Stokes diophys. Quantum Electron. 21(7), 675-688 (1978) [Izv. Vyash.
beams are seeded almost symmetrically by scattering from the cen- Uchen. Zaved. Radiofiz. 21(7). 961-980 (1978)].
tral beam, the pump and Stokes beams should be out of phase. This 6. J. Goldhar. M. W. Taylor, and J. R. Murray, -.An efficient dou.
approach appears promising, and we intend to explore it. ble-pass Raman amplifier with pump intensity averaging in a

Light guide," IEEE J. Quantum Electron. QE.20(7). 772-785
(1984).
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ASYMPTOTIC EVOLUTION OF TRANSIENT PULSES UNDERGOING

STIMULATED RAMAN SCATTERING

by

Curtis R. Menyuk ° and Godehard Hilfer

Science Applications International Corporation

1710 Goodridge Drive

McLean, VA 22102

Abstract

Propagation of short, transient pulses undergoing stimulated Raman scattering over long

length scales is considered. It is shown that under common experimental circumstances, the

evolution has two different regimes: 1) The I-regime, at short lengths, where the pump changes

little and the Stokes rapidly grows, and 21 the J-regime, at long lengths, where the Stokes

intensity is close to saturation and the pump intensity decreases slowly as the square root of

distance. The distance at which the J-regime is reached is determined numerically.

6
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Asymptotic Evolution of Transient Pulses Undergoing

Stinmlated Raman Scattering

Since the early work of Carmen, et al-' the evolution of pulses undergoing stimulated

Raman scattering has been a subject of constant interest.2 1 2 In the limit considered by Car-

men, et a. 2 where diffraction, level saturation, interaction with anti-Stokes or higher order

Stokes radiation, and quantum noise can all be ignored, the wave interaction is governed by

the equations
EL .kL.

a3z k5Q~
a= -SKQEL,(1

a
I ,.X aQ

at-rQ-ilEEL
The purpose of this letter is to revisit Eq. (1) in the highly transient limit where T2 /r < 1.

The quantity T2 = r-' is the damping time of the material excitation, and r is the full width

at half maximum (FWHM) pulse intensity. This limit is relevant to recent experiments which

have been carried out at the Naval Research Laboratory. 1 1 1 2

It has long been known that in the initial growth phase where IEsi « fELl, Eq. (1) can

40 be linearized in a simple way, allowing for a simple characterization of the solution. We shall

show that in the limit of large z, a simple description is once again possible. In effect,

K(t) -- ELt(z,t) 12 + L S (Z't)12 (2)

0 remains constant for all z. We thus find that as the pump intensity diminishes, the Stokes

intensity grows, ultimately taking on the shape of the initial pump. One can then assume that

the Stokes intensity is fixed and carry out a theory analogous to that of Carmen, et al.' One

* "finds, however, that the I-Bessel functions are replaced by J-Bessel functions.

Recent experiments at the Naval Research Laboratory have studied transient pulses short

compared to T2.11,12. These pulses typically have a slight chirp proportional to the pump
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intensity, but no rapid phase shift. Under these circumstances, numerical results indicate that

there is a rapid transition between hre the theory of Carmen, et al. I applies and

the J-regime where the theory to be presented shortly applies. In other experimental settings,

where a pha.se shift which is rapid compared to the pulse size is present, a soliton-like structure

can form; 7
,

0 however, its velocity is smaller than light, so that it must ultimately travel to the

Nback end of the pulse and disappear if the pulse size is short compared to T2. Moreover, we

will show that soliton-like structures cannot form when the pulse size is short compared to T2

if two conditions are met: 1) the initial Stokes amplitude is small compared to the pump, and

2) there is no phase variation in the leading edge of the pulse.

We begin our theoretical development by recalling that in the I-regime, the solution to

Eq. (1) is given by

Es(z,t) = Es(O,t) + (#ctc2z) 2'E(t) ]_ exp[-r(t - t()
S(3a)

E.(t')Es(Ot'r(t) - r(t'l)l-1/ 2 1, (2(CIK 2 z[T(t) - r(t )I 1" 2 ) dt'

Q(z, t) = -ic, oo exp[-r(t - t')] EL(t') E;(O, t') (3b)

o (2{pcii 2 [r(t) - r(t')]}/2) dt'

where

r(t)=J K(t')dt' (4)

We now solve Eq. (3a) approximately using the method of steepest descent.'s In the regime

which we are considering, where T2 is much larger than the pulse width, most of the contribution

to the integral comes from a restricted region in t' where the rapid increase in EL and/or Es at

their leading edges balances the rapid decrease in the Bessel function as r(t') approaches r(t).

The steepest descent path is along the real t-axis. The details of the solution depend on the

rapidity with which EL and ES vary in the neighborhood of the steepest descent point.
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We now assume that the initial Stokes pulse leads the pump pulse and is varying slowly at

the steepest descent point; this assumption corresponds to maximum gain.' 1 " 2 We will further

assume that leading edge of the pump varies exponentially. We define now

s 4x1C, 2 z[r(t) - r(t')]

(5)
9,- 4, 1 icj2 zr(t)

and note that when . is large

I1(a1 / 2  exp[.'/ 2 
- ln(21rs'/ 2 )] (6)

Physically, we are assuming that z is large enough so that the Stokes pulse has undergone

• substantial gain, but is not so large that pump depletion has begun. For these assumptions to

be consistent, the initial Stokes amplitude must be small relative to the pump amplitude. At

the leading edge of the pump pulse, we write by assumption

EL(t') = AL exp(r~t') exp[iOL(t')] (7)

where ALr,, and L are all real. Equation (7) effectively defines all three quantities. It is

useful to define another quantity r(t) through the relationship

r(t) = r2(t)A 2/r. (8)

•' J We stress that a, and thus the steepest descent point to, is a function of t.

In the case being considered, we may write Es(t') = As exp[ios(t')]. Both phases OL and

Os are assumed to be slowly varying. Gathering together all the rapidly varying terms and

substituting the results into Eq. (3a), we find that the argument of the resulting exponent is

given by

= (r. + r)t' + a'/2 1 in(2 X,3 2 ) (9)

@2
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The steepest descent point is the point at which dtk/dt' = 0. This point satisfies the

relation

rw +r + 3 IELI1(t') (Xr,2)/IELI2 (t') 0 (10)
4 [r(t) - [tr(t) - (t)] 1/2

At large z with t inside the main part of the pulse, t' is out on the leading edge of the pulse;

hence, r(t') '< r(t) and may be neglected to lowest order in s 2. Using Eq. (7), we conclude

to = 1 In 2(1 + r/r.) 2 (t) (11)

Carrying out the remainder of the steepest descent calculation,' 8 we find

ES(z,t) = 21c,2 r2 1, / 2 EL.(t)Es(O, to)Ej(to) (2
Es~z ~I = ,,c . (1 +r/r,)j1 (12)

exp[-r(t - to)] exp(al/ 2 ) /(2rs/2)1/2

where s is evaluated at t = to. We stress that this calculation is not asymptotic in z as the

exponential rise of EL is controlled by rw, not z. It does, however, yield a useful approximation.

We have compared Eq. (12) to numerically calculated exact solutions of Eq. (1) in several

instances, and we have shown that they agree well to within factors of order unity in the

appropriate parameter regime.

We can obtain a number of results directly from these calculations. First, the phase

difference OL(t) - Os(t) in the bulk of the Stokes pulse at large z is controlled by the phase

difference OL[to(t)] - Os[to(t)] at z = 0. At large z, the range of t0-values controlling the bulk

phases reaches a constant value. Considering the half-widths at half maxima, we find

Ato = n[r'Cr/2)/r'(-r/2)l (13)

Second, since the central t0-value deceases with increasing z, we conclude that if the initial

phase difference approaches a constant value, soliton-like structures cannot form. Third, for

any given z and t, it follows from Eq. (12) that the maximum growth is obtained by placing
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Es(to) at the steepest descent point. It is not trivial to determine precisely the optimum offset

for the Stokes pulse from this calculation as we must sum the contribution at all values of t;

however, we immediately conclude that the Stokes pulse should precede the pump pulse by an

amount on the order of i/r,,. These conclusions all agree well with available experimental and

computational results. 11,12

We turn now to the J-regime. In this regime, where the Stokes intensity is close to its

asymptotic value, we find p

EL(Z,t) = EL(ZO,t) - [I Ci2 (Z - Zo)1 ' /2 1 Es(t)
tt

J exp[-r(t - t')1E;(t)EL(O,t') (14a)

[t(t) - r(t{)]1/2j, 2{X iIc(Z - Zo)[r(t) - r(t,))1/2 dt'

Q(z, t) = -iJc exp-r(t - t')]E;(t)EL(Zo,t')

-~ (14b)
;10 Jo(2{.,IC2 (Z - Zo)[r(t) - r(t1)Ij1/2) dt'

These equations can be derived using the approach described by Wang 1 4 or verified by substi-

tution into Eq. (1). Using the asymptotic expression

S= ( 2 cos(X 1 1

)n*r - , (15)

we reach the following conclusions: First, at large z, the amplitude EL at any time scales like

Z 1 / 4 , multiplied by a periodic variation. The total integrated intensity must therefore scale as

z - 1/2 . Second, the number of zero-crossings of the real and imaginary parts of EL and Q scale

like z1/ 2 . Third, new zeros enter the EL and Q pulses at large t and travel toward smaller t as

z increases.

In order to verify these trends, we have considered a large number of numerical solutions

which will be presented in detail in a later publication. A small fraction of these results are sum-
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marized in Figs. 1 and 2. In these figures we display R = If dt 'fLI2 (0)/ f-"0 dt IEL12( )12

vs. ~~- i~izr(o) and N (the number of zero-crossings of EL) vs. r, where N is plotted on

a parabolic scale. We display three different cases, in all of which EL and ES are purely real

and Q is purely imaginary. The initial Stokes intensity is I0-- of the pump intensity at all

S. points in time. The maximum intensity of the pump is the same in all three examples, and their

FWHM values of the the initial pump profiles are chosen so that they all have nearly the same

integrated intensity. In all cases, the FWHM is roughly 40 ps and T2 = 633 ps. We find that the

observed scaling agrees well with the analytical predictions. Moreover, for all the cases shown

here, the linear scaling is obtained when - 120 and R = 10, corresponding to 70% pump

depletion. In our examination of a large number of different cases, we have noted the following

trends for pulses short compared to T2: 1) There is little dependence on the pulse shape. 2)

When the Stokes offset is decreased, i.e., the Stokes pulse arrives at the Raman cell earlier than

the pump pulse, the pump must deplete more before the J-regime is reached. With a negative

offset equal to the FWHM, the pump must be 90% depleted before R scales linearly. The

scaling of N is, however, only slightly affected. Moreover, the i-value at which the J-regime is

reached only increases from q = 120 to C = 180. 3) When the Stokes offset is increased so that

the Stokes pulses arrives after the pump, one finds that beyond 70% pump depletion R scales

linearly. However, linear scaling of N' is delayed. With a positive offset equal to the FWHM,

this scaling sets in at around = 180. 4) When a chirp proportional to the pump amplitude

is added to the pump and/or Stokes, no effect is observed when the magnitude of the chirp

is approximately r, the experimental value. When the magnitude increases to approximately

10,x, the i-value at which the J-regime is reached increases slightly, by under 50, at all Stokes

offsets, with no observed alteration in the basic trends.

In this letter, we have considered the effect of stimulated Raman scattering on short,

318

o



transient pulses. We have shown that under normal experimental circumstances where the

phase difference between the pump and Stokes pulses at their leading edges reaches a constant

and where the Stokes pulse precedes the pump, the Stokes pulse will phase lock to the pump

and grow steadily. Once the Stokes has nearly saturated, the total pulse enters a new regime

where the pump intensity decreases as the square root of distance and the pump amplitude

oscillates with a frequency proportional to the square of the distance.

This work was supported by the Naval Research Laboratory, and we gratefully acknowledge

useful conversations with Dr. J. Reintjes.
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FIGURE CAPTIONS

1. Plots )f R vs. for different pulse shapes. a) sech-squared amplitude, FWHM - 40 ps; b)

2. Lorentzian-squared amplitude, FWHM = 39 pa; c) Square pulse, FWHM = 43.8 ps.

2. Plots of N vs. ; N is plotted on a parabolic axis. Shapes and parameters are the same as

in Fig. 1.
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LIE PERTURBATION METHODS AND THEIR APPLICATION

TO INFINITE-DIMENSIONAL, HAMILTONIAN SYSTEMS

Curtis R. MENYUK

University of Maryland -
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ABSTRACT

The Lie perturbation method of Hori and Deprit is a

practical approach for determining the evolution of fi-

nite-dimensional, nearly integrable, Hamiltonian systems.

It has been applied with notable success to problems in-

Ilk) cluding satellite motion around the Earth and particle

motion in accelerators. I:e review this approach and de-

scribe how to extend it to infinite-dimensional systems.

Explicit first and second order calculations are de-

scribed in cases where the initial data contains a single
Z solitary wave and a small amount of radiation. Impli-

cations for the emergence of solitary waves from arbit-

rary initial data are discussed.
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Workshop on Solitons and Chaos in Optical Systems (San Jose, CA, January

6-7, 1988).

SOLITONS IN A KERR MEDIUM

Curtis R. Menyuk
0 Department of Electrical Engineering

University of Maryland
Baltimore, MD 21228

ABSTRACT: In a weakly dispersive medium with a Kerr nonlinearity, the equations
governing the electromagnetic wave evolution can be written as

1
U 4 + U + (1u12 + BjvI12)U= 0,

v4 + 1, + (Blul2 + jv12)V = 0,

where u and v are the envelopes of the two polarization amplitudes, is the normalized
distance, s is the normalized time, and B depends on the medium in question. For media
such as optical fibers, where the Kerr response is essentially instantaneous, B = 2/3 [See,
e.g. C. R. Menyuk, IEEE J. Quantum. Electron. QE-23, 174 (1986)]. Painlev6 analysis

4 indicates that this system is only integrable when B = 0 or B = 1. Both these cases merit
profound study since they provide a useful starting point for studying the general case
where B # 0 or 1. In the former case, this system reduces to two uncoupled nonlinear
Schr6dinger equations. The nonlinear Schr6dinger equation has been extensively studied.
In the latter case, this system has been studied by Manakov [Sov. Phys. JETP 38, 248
(1974)] who found the Lax pair for this system, showed how to solve the Cauchy problem
using spectral transform methods, and explicitly derived single soliton solutions where
both u and v are proportional to sech(as). In this work it is shown by a direct search for
stationary solutions that the class of single soliton solutions is substantially larger than
the sech-like class found by Manakov. The soliton profiles can be obtained in the general
case by using an approach originally described by Darboux [Archives n~erlandaises, Ser. 2,
6. 371 (1901)].
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"Formation of soliton-like structures in stimulated Raman scattering," (C.R.
Menyuk), submitted to the International Quantum Electronics Conference
'88 (Tokyo, Japan, July 18-22, 1988).
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Formation of Soliton-like Structures

in Stimulated Raman Scattering

Curtis R. Menyuk

Department of Electrical Engineering

University of Maryland

Baltimore, MD 21228

tel. no. (301)-455-3488

ABSTRACT: Conditions for the formation of soliton-like pulses in stimulated Raman scattering are

derived. Use of the spectral transform method to study arbitrary initial pump shapes is described

with a concrete example.
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Formation of Soliton-like Structures

in Stimulated Raman Scattering

Curtis R. Menyuk

Department of Electrical Engineering

University of Maryland

Baltimore, MD 21228

tel. no. (301)-455-3488

The equations which describe transient stimulated Raman scattering are1

OEL .L
- = i QEs,

Oz
N z - -i 2Q EL, (1)

, 8Q
5T + rQ = -iK1E;EL.

Here, EL and Es are the complex amplitude envelopes of the pump and Stokes waves, kL and ks

are the corresponding wavenumbers, Q is the material excitation, x, and X2 are gain coefficients,

and r = TT1 is the material damping rate. While these equations have been extensively examined

in the past, their evolution depends strongly on the initial conditions, and there remains much that

is of substantial interest to be examined.

If the initial pump pulse is larger in width than T2, it is possible for solitons to form when the

phase of the Stokes pulse undergoes a rapid phase flip. 2 - 4 How rapid must this flip be? Here, we

address this question.

We first note that if T, > T2, where T, is the width of initial pump wave, then Eq. (1) reduces

to
OEL _ kL g 1EsI2

-T-= s - 2 1(s2),4

* Oz =  1EL12 Es, (2)

where g = 2r1K2. Equation (2) is easily solved. Letting AL :ELI, As = (kL/ks)"/2IEs, and

noting that

K(t) = IEL(z, t) 12 + LIEs(z,1)1' (3)

is constant in z, we find
nK2 -4=

In K2A = C - 2gK 2 z (4)
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at each point in time, where C is a constant of integration. We now suppose that Es has the form

Es = KIst + iKs (5)

in the neighborhood of t = 0, where K(t) = K is constant. We assume that Ks <, K but is

* -' non-zero, resulting in a small deviation from an exact 7r-phase shift for Es. In the neighborhood

*of t = 0, we then find

c K2(1 - rF2 2) - K2 ~~ K 2  21(6C = in L grs + K s  ,_ In z~~ +K s ,(6)
IK2 ]2 t2 +K2 K2 112 t2 + KIj

so that
AL K W~t + K2

K 2  2  + = exp(-2gK 2 z) _ F(z). (7)

We conclude
[AL(t = 0)]2 FK (8)

"-" = F + K2 IK 2  (8

Defining r as the t-value at which [AL(t)]2 = I[AL(O)]2, we find that

r = mst + F)] (9)

For a soliton-ike structure to form, it must be the case that r < T2 at some z-value. Noting that

F - 0 as z - o, we conclude that this will occur if

r Ks
s Y <  (10)

In experiments where a Pockels cell was used to impose a phase reversal, soliton-like structures

were only observed intermittently. 4 Equation (10) and a careful reading of the experimental papers

* suggests that the ratio r/rs may have been too small to lead to a reasonable expectation of

satisfying Eq. (10).

We now turn to consideration of the case where the pulse size is small compared to T2. This
limit is of substantial interest because in recent experiments at t1 e Naval Research Laboratory, pulse

sizes of about 40 picoseconds and T2-values of about 600 picoseconds are typical. 5'6 In this limit,

r may be set equal to 0 in Eq. (1). The equations are then integrable using spectral transform

methods.7 ,s However, the usual method of solution must be substantially modified, leading to

substantial modifications in the behavior of the solutions.
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In carrying out this theory, it is useful to first normalize our variables so that

OAI = -XA 2 ,

OA2 = XAi(11)

OX

09r A A2A,

where A1 and A 2 are the normalized pump and Stokes amplitudes, X is the normalized material

excitation, and X and r are normalized distance and time. We now define two new quantities, ul

and u2 which satisfy the equations

OU iAu = Xu,
0 - (12)

Ou2 + iAu2 = -X*ul,
° OX

and
-uXo 3U, + I S+U,

or u2 (13)
-7 = - U2 - -s u 1 ,

where 1

S3 = 4(A;A 1 - A;A2),

S+ = A;A 1 , (14)

s_ = s;.

% Equations (12) and (13) are only compatible, i.e., their cross-derivatives are equal, only if Eq. (11)

holds.

In the usual spectral transform approach, as applied for instance to the nonlinear Shrbdinger

equation, one would proceed by defining scattering data which reflate (u1 , U2 ) at r = +oo to (ul, u2 )

at r = -oo. This scattering data has a one-to-one correspondence with the original variable set.

* . Moreover, since ul and u2 evolve simply in X at r = ±oo, so do the scattering data, and one can

then infer the evolution of the original variable set." In our case, a fundamental difficulty results

from the fact that X does not in general tend toward zero a; r tends toward +oo, and the X-

evolution at +oo is not simple. Kaup7 has resolved this issue in certain important cases by showing

that our variable set only depends on the evolution of ul and U2 at r = -00.

We apply his approach in detail to cases of practical interest to determine the full nonlinear

evolution, notably the case where the initial pump and the initial Stokes have the same shape.

* We also show that in contrast to the usual case, where the initial pulse decomposes into a set of
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6 Menyuk, Soliton-like Structure,...

enduring solitons and a dispersive continuum, all soliton-like st:uctures must be transient. From a

physical standpoint, this result is almost self-evident. These soliton-like structures are well-known

to possess a velocity slower than light. 2 They must therefore ultimately disappear at the back end

of the pulse.

This work was supported by the Naval Research Laboratory, and the author is grateful to

Dr. J. Reintjes for numerous, useful discussions.
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